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By the Council of the RoYAL SocIETY
of London for Improving of Natural
l(nowledge. ·
Ordered,1hat the b"'cok....written hy Robert Hooke,M.A. Fellow of this Society,
Entituled, Micrographia, or fome Phyfiological DefCriptions of
Minute Bodies, made by Magnifying Gla!fes, with Obfervations and
Inquiries thereupon, Be printed by John Martyn,andJames AJleftry,
Primers to the [aid Society.
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Do here mofl: humbly ~ay
this [mall Prefent at Tour
Majejties Royal feet. And
though it comes accompa-

ny·d with twodifadvantages,the meannefs
of the Author, and of the SubjeCl; yet
in both I am incoHraged by: the greatne[s
of your Mercy and your , Knowledge.
By the one I am taught, that you can
A
forgive

T HE

EPISTLE

· forgive he moil: prefomptuoU8 0/fendors:
And by the other, that you \viii not ejteem the leafl:work of Nature, or :Art,
, · unworthy yourObfervation.Amidfi: th~
many felicities that have accompani'd
your Majejties happy Reftauration and
Government it i none of the leafi confi~
derable, that Philofophy and Experimental

Learning have profper·dunderyour Royal
Patronage. And as the calm profperity
f your Reign has given us the leifure
to follow thefe Studies of quiet andretirement, fo 1t is jufi, that the Fruits of
them .lhould , by way of ackflowledge-me~~ , · be ·return' d to your Majejly.
There are, ·Sir, feveral other of your
Subjecrs, of your Royal Society, now
bufie about Nobler matters: The Improvement of ·ManufaClures and Agricullure, the ~ncreafe of Commerce, the .AdVCf:ntage o-f Navigation : In all which

iliey are

aflijted~y

jour Majejties lncou-agement" and Example. Amidft all thofe
. \\.
greater
'
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greater Defigns, I here prefume to bring
in that which is more proportionable to
the [malne[s of my Abilities , and to
offer fome of the leaft of .all vijib/1
things,to that Mighty King, that ha; efta~
blifhtan Empire over t_he b~ft ~ of aJfln,
vijib.fe things of this World, the -:Mtnils
of Men.

Your Majejties moft humble
and mojt _obedient
SubjeCl and Servant,
. -

~

1

'
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TO THE

ROYAL S 0 C IE T y.
Fter my Addrefl to our Great Founder and Patron, I could not but think my felf oblig'd,
in confideration of thofe many lngagements
you have laid upon me , to offer thefe my
poor Labours to this M 0 S T I L L USTRIOUS
ASSEMBLY.
YOU have been
pleas'd formerly to accept of thefe rude Draughts. I have fince
added to them fome Defcriptions, and fome Conje[iures of my
own. And therefore, together with YOUR Acceptance, I muft
alfo beg YOUR pardon. The Rules YOU haveprefcrib d YOUR
felves in YOUR Philofophical Progrefs do feem the beft that
have ever yet been praetis'd. And particularly that ofavoiding
Dogmatizjng, and the efPoufal of any HyPotbefis not fufficiently
grounded and confirm'd by Experiments. This way feems the
moft excellent, and may preferve both Philofophy and Natural
Hiflory from its former Corruptions .In faying which, I may feem
to condemn my own Courfe in this Treatife ; in which there
may perhaps be fome Expr~Jlions, which may feem more pofttive
then YOUR Prefcriptions will permit: And though I defire
to have them underf1:ood only as Conjeliures and 0!:_t£ries (which
YOUR Method does not altogether difallow )yet ifeven in thofe
I have exceeded, 'tin fit that I fhould declare, that it was not
done by YOUR Direaions. For it is moft unreafonable, that
YOU fhould undergo the imputation of the faults of my ConjeCtures, feeing YOU can receive fo final/ advamage of reputa·
tion by the Jleight Obfervations of

Tcn1R mofl humhk and
mofi faithful Servant
R0 BER T
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1 i1 the great prerogative of Mankjnd above other
Creatures, that we are not only able to behold the
workJ of Nature, or barely to fuftein our lives hJ
them, hut we have alfo the power of confidering,
comparing, altering, affifting, and improving
them to variozu ufes.And eM thi1 i-5 the peculiar priviledge of humane
Nature in general, fo i1 it capable ofbeing fo far advancedby the helps
of Art, and Experience, a1 to makt. fame Men excel others in their
Obfervations, and Dedutlions,almofl a1 much a5 they do Beafls. By the
addition of fuch artificial In{truments andmethods,there may be,in
fame mannet, a reparation made for the mifchiefs, and imperfeEiio1l.,
mankind has drarJ--n upon it [elf, by negligence,and intemperance, and a
wilful and fiiperfiitio~M deferting the Prefcripts and Rules of Nature,
whereby every man, both from a deriv'd corruption, innate and horn
with him, and from hi-s breeding and converfe with men,i1 very fobje[l
to flip into all forts of errors.
The only way which now remains for tt1 to recover fame degree of
thofe former perfe£iions, feems to he,hy reiiifying the operations of the
Senfe,the Memory,andReafon,.fince upon the evidence,the ftrength,
the integrity,and the right correfpondence of all thefe,all the light,
by which our aftions are to be guided, h to be renewed, and all our com.:.
mand 01Jer things i1 to he eflahlijht.
It i1 therefore moft worthy of our confideration, to recolleB their /e~
(everal deft&is, that fo n'e may the better underfland how to fupp!J them,
and by what a(]ifiances we mdy inlarge their power,and fccure themin
performing their particular dutzes.
As for the atlions of our Senfes, we cannot but obferve them to be in
a
manJ
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maTl} particulars much outdone hy thofe of other Creatures, andwhen
at hefl,to be far jbort of the perfeCTion they ftem cap,1b!e of: And theft
infirmities of the Senfes arife from a double caufe, either from the difproportion of the ObjeB: to the Organ,whereby an infinite number of
things can never enter into them,or elfe from error in the Perception,
that many things, which come within their reach,. are not recei11ed in a
right manner.
1he likg frailtieJ are to be found in the Memory ; we rftm ki fllflnJ
things flip away from us, VJJbich deferve to he re~ain'd; allfi of thoft
»"'hich we treafore 11p, a great part i1 either frivolous or falfe; and if
geod, and fubftantial, either in trau of time obliterated, or at heft fo
overwhelmed and buried under more frothy notions, that whtn there its
need ofthem, they are in vain fought for.
The twa main foundatirms being fa deceivable, it is no wonder, that
all the fucceedingworkJ 11hicb we huilJupon them,ofargying, concluding,defining~udging9 and all the other degrees of Reafon, are lyable to
the fame imperftaio:n, being, at befl, either 7Jain, or uncertain: So that
the errors of the underftanding are anfwerahle to the t~ro other, being
deftBive both in the quantity andgoodnefi ofits /qwnJ/fdge ; for the limits, to which our thoughts are confi nd'), are ji11all in re(je[i of the vafl
extent of Nature it felf; fame parts o{it are too large to be comprehended, and fame too little to beperceived. And from thence it rnufl follow,that not having a full fenfation of the Ohje&i, we mufi be very lame
and imperftB in our cOtJ.ceptions about it ., and in all the propofitions
which we build upon ~t ; hena: we often tak_e the fhadow of things for
the fubftance, [mall appearances for good fimilitudes, fimilitudes
for definicions; and even many of thofo, which we think to he the mofl
folid definitiom, are rather expreffions ofour own mifguided apprehen.
fions then of the true nature of the things thernfel7ies.
· The effeCTs of thife imperfeliions are manifefled in different ways,according to the temper anddif}ofition of the fever al minds of men> fame
they incline to grofs ignorance a.nd fiupidity, and others to a prefumptuous impofing on other mens Opinions, and a confident dog..
matizing on matters, whereof there i& no af{z~rance to be given.
1hw
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. 7;hM all the uvrertriinty, q,11({ ~ifla.k!s CJj hJt4JJtJJJe a.6iiOflS, proceed
tither from the narnJ'wneji r:md wan.drring qf Qttr: S.enfes, [rofll. the flippe-r#Jeft or delufion. qf our Memory, from th€. corifitz.e!lJent Ofi rafbnefl of
our Underfranding"} fo tbat ,.tis n@twOJ'lrier., that Qtt:r pQWer rmtr n(ltural caJtfes and effeEis ~ fo jlowly ilnpr()V;d'} feeing ~ qre vQt wily to
,ontend n:itbthe obfcuriry a11d-d.itficulty ofthe things n'be;.eon.wewOTk.
and thinlz ,but even ihe. fOrces of Q\\f own minds ermf}ire to betray m.
1hefe being the dz-ogen in th.t flrxefl if h¥mrme Reafon"). ?be rtYa.~ies
of them all can. only proceed from. th6. real, the m~cha.n\cal, th~ experimental Philofopby,wble}; hcu th~ ad1)antage aver the Philqfqphy of
difcourfe and difputation,that where@ that chi~f/) (lims at the fobtilt)
of its Deduuions and Conclujions, without. much regard to t~ firfl
ground-work., lJt•hich o~tght ta be well laid an the Smfe (J1ld Menwry ;
fo thi1 intends the right ordering of them all~and tke nzalzing tkm_fer~
viceable to each other.
The firfl thing to be rmd~rtalzen in this weighty wwk., h. a watd1. .
fulnefs over the failings a11d an inlargement of the dominion, of
the Smfes.
To n•bicb end it h requifite, firft, lhat therejl~Qu!d be a fcrupulous choice,and a frria examination, of the reality, conftancy, and
certainty of the Pa.rticulars that we adnzit:1hu i1 tbe firft rife wbereon truth i1 to begin., and here the m.oft Jevere, and moft impartial diligence, muft be imployed ; the floring up of all., "Without any regard ta
evidence or uft, will only te:nd to darkncft an_d amf«fion. we mufl
not therefore efleem the riches of out Philofophical ireafure by the ri\lmber only, hut chiefly hy the weight;the mofl V\dgar Inflances are not to
he neglelied.}ut ahove all, the mofl infhu&ive a;e to be entertain' d;
the footfieps ofNature are to he trac'd,not onb in b(r ordinary courfe,,
but when foe feems to he put to her fhifts,to mak! 111M!) doublings and
turnings, and to uft fome kind rf art in indeawu.ring to avoid our
difcovery.
•
.
.
1he next care to he tak..en, in refjeli of th€ Senfes, i& afopplying cf
~heir infirmities with Inftruments, and, a-s it wrre, the addi11g'of arti . .
ficial Organs to the natural; this in one ofthem hcu heenaf late Jiars
accorn~·
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accompl~(ht with prodigioU1 benefit to all forts of!lfefulk_nowledge,

hy

the invention ofOpticalGlaf!es. By the meansofTele[copes, there u
nothing fo far diftant but may be reprefentedto our view ; and hy the
help ofMicrofcopes, there h nothing fo fmall, a:, to efcape our inquiry ; hence there is a new vifible World difcovered to the underflanding.
-By this means the Heavens are open'd, and a vafl number ofnew Stars,
and new Motions, and new ProdufJions appear in them, to which all the
antient Aflronomerswere utterly Strangers. By this the Earth it felf,
which !yes fo neer 114, under our feet, Jbews quite a new thing to U&, and
in every little particle of its matter, we now behold alrnofl as great a
variety of Creatures, as we were ahle before to reck!Jn up in ·the whole
Uni verfe it felf.
It feems not improbable, but that by theft helps the fobtilty of the
· cornpofition of Bodies, the flruCiure of their parts, the variotu texture
of their matter, the inflruments and manner oftheir inward motions,
and all the other po(]ible appearances of things, may come to he more
fully difcovered; all which the antient Peripateticks were content to
cornprehend in two general and ( unleft further eiplain'd) ufeleft
words of Matter andForm.From whence there may arife many admirable advantages,towards the increafe ofthe Operative, and the Mechanick Knowledge, to which thh Age feerns fo much inclined, hecaufe
we may perhaps he inabled to difcern all the _(ecret workings rf Nature.,
almofl in the fame manner as we do thofe that are tbe produaions of
Art, and are manag'd hy Wheels, andEngines, andSprings, that n·ere
devifed by humane Wit.
In thh kJnd I here prefent to the World my irnperjea Indeavours;
which though they foal! prove no other way confiderahle,yet, I hope, they
may be in fame meafure ufeful to the main Deftgn of a reformation
in Philofophy,if it he only by foewing, that there u not fo much requir'd
towards it,any ftrength oflmagination,or exalinefs of Method,or depth
ifContempiation(though the addition ofthtfe,where they can be had,
mufl needs produce a much more perfe&i compofure )a1 a fin cere Hand,
and a faithful Eye, to examine, and to record, the things themfelves
as tht;J appear-

And
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And I beg tr.y Reader, to let me tak..e the boYnefl to afore him~
that in this prefeitt amdition uf k..nowledge , a man fo qualified, ~ I
have indeavoured to be, onry with refolution, and integrity, and plain
intentions of imp laying his Senfes aright1may venture to compare there.:.
ality and the ufefulnifS of hu fervices, towards the true Philofophy, with
thofe of other men, that are of much flronger,and more acute fpeculations,that Jhall not makt ufe of the fame method by the Senfes.
The truth ~s, the Science of Nature htv.J been already too long made
anb a u·ork. of the Brain and the Fancy : It unow high time that it
foouU return to the plainnefl and (oundnefl ofObfervations on material and obvious things. It i1 [aid of great Empires, That the heil:
way to prtferve them from decay, is to bring them back to the
firft Principles, and Arts, on which they did begin. The fame
~undoubtedly true in Philofaphy,that by wandring far away into invifible Notions,h~ almofl quite deflroy'd it [elf, and it can never be recovered, or continued, but by returning into the fame fenfible paths;
in which it did at firfl proceed.
If therefore the Reader exyelfs from me any· infallible Dedu&iions;
or certainty of Axioms, I am to fay for my [elf, that thofe flronger
Wo-rk; of Wit and Imagination are above my weak. Abilities ; or if
they had not been fa, I v.,•ould not have made uft of them in thi1 prefont Subject before me: Whereever, he finds that I have ventur'd at
any [mall ConjefJures, at the caufes Qf the things that I have obferved,
Ibefeech him to look_ upon them only a5 doubtful Problems,and uncer...
tain gheffes, andnot a5 unqueflionable Conclufions, or matters of un~
confutable Science; I have produced nothing here, with intent to hind
hu underflanding to an implicit confent ; I am fo far from that, that
I dejire him, not ahfolutery to rely upon theft Obfervations of my eyes,
if he finds them contradilfed by the futur~ Ocular Experiments of faber and impartial Difcoverers.
As for my part, I have obtained my end, if theft my [mall Labours
Jhall be thought fit to tak..e up fame place in the large flock.. Df natural
Obfervations, which (o many hands are bufie in providing. If I have
contributed the meaneft foundations whereon uthers may taife nobler
b
Super•
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Superfitu&ures., I am abundantly frtthjied; and aft 1J.l} ttmN:tiM u;
that lmay Jerve ta tiN. gre{Jt Phikfaphers of thM. Age , . ao the mak!rs.
snd the grindrrs ofmyG!affes did to me;; that I mayprepare amffor.:.
11ljh thetn/With fame. Material~, which they may afterwards order and,
manage ivilh better skill., and tQ.for greater advantage.
1/Ji pe'<t remedies in thh univeifol cure of thf. Mind ara to be applyed to the Memory, andthey are to confifl of fuch Diretiions aa m~
inform u-5, what things are befl ta be ftor'd up for our purpofe, :.and
which u the 'bejl way.af fo difpofing them, that they may not on!J br:.
kept in t1tery, hut ready and convenie.nt,to be at any time produc'd for
life, tU occafwn Jball require. But I will not hereprevent my felf i~
-what I may foy in anather DifcoTUfe , n~herein I Jhall mak._e an attempt to propdfo fome Confidoations of the manner of compiling a Natural and Artificial Hijiory,. and of fo ranging and regiflring its
Particulars into Philofaphi~alTables, ~may mak.e them mojt ufeful
for the raifing of Axioms.and Tl1eories. .
The lafl indeed i1 the mofl hazardous Enterpri~, and;tt!t the mofl
neceifary ; and that u, to takg. fiLch care that the Judgment and the
Reafon ofMan ( which h the third'Facu lty to ~e repair'd and improv'd) jhould receive foch affiflance., ~ to avoid the dangers tq
which it h hy nature moftJuhjefr.. 1he Imperfttliom') n'hich I have already mention'd, to which it u lyable, do either belong to the extent,.
or the go6dnefs ofits k/JOW!edge ; and here the difficulty u the grellter, leafl that which may he thought a remedy for the one fo<»tld
prove defl:ruB:ive to the other, leafi hy feeking to inlarge our ffnnw.ledge, we jbould render it weak_ and uncertain ; and leafl hy being
too fcrupulotu and exaa about every Ci.rcumflance of it, we fhould
confine and ftreighten it too much.
· ·
In hath theft the middle wayes areto he ttzktn, nothing is 'ki be
omitted, and yet every thing to paft a mature deliberation: No
Intelligence from Men of all Projejfions, and quarters ofthe ti'Orld,to be flighted, andyet all to befa feverely examin'd,that there remain
tto room for .doubt or inflability ;· much _rigour in admitting, much
frrianefs in comparing,and above all, much Oownefs in debating, and
fhynefs
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fhynefs in determining, is to be pra8ifed. The Underftanding iS to
order all the iriferiour fervices of the lctwer Facuities ; but yet it uto
do th~ only as a lawful Mafter, and not a6 a Tyrant. It mufl not in. croach upon their Offices, nor tak§ upon it [elf the employments which
belong to either of them~ It mufi w<itch the irregularities-of the Stnfes, but it mufl not go before them, or prevent their information. · It.
rnufl examine, range., dnd difpofe of the bank_. 'tvhich i-5 laid up in the
Memory ; but it muft be fiae to makg difrinaion beiween the [ober and
well colleB:ed heap ., and the extravagant Idea's, and miftaken
Images ., which there it may fometimes light 1pon. So many are the
links,upon which the true Philofophy depends, of which.,if any one be loofe,
or weak ., the whole chain i5 in danger of being diffolv'd; it is to be..
gin with the Hands and Eyes, and to proceed on through the Memory.J
to be continued bj tbe Reafon ; nor i1 it to flop there, but to come about
to the Hands and Eyes dgain, and fo, by a continual paffage round
from one Faculty to another , it i-5 to be maintained in life and flrength,
as much as the body ofman ~ hy the circulation of the blood through the
ftveral pa;ts of the body, tbe Arms, the. Fat, the Lungs, tbe Heart, and the
Head.
If once thi1 methodwere followed witb diligence and attention, there is
nothing that ryes within the power vf human Wit (or which u far more
effeq.ual) of human Indufoy , which we might not comp.tfl ; we might
not only hope for Inventions to equali~ thofe of Copernicus, Galileo,
Gilbert Harvy, and of others.; wbofe Names are'almofllofl, that were the
Inventors if Gun-powder, tbe Seamans Compafs, Printing., Etching:,
Graving, Microfcopes, &c. but multitudes that may far exceed them:
for even thofe difcoveries _(eem to have been the produfts of fame fuch method, though but imperfeu ; l.Vhat may not be therefore expe8ed from it if
thoroughly profecuted? Talking and contention of Arguments would
foon be turn·dinto labours; all the fine dreams of Opinions, and univerfal metaphyfical natures, which the luxury of fubti/ Brains has de'lJis'd, would quick.Jy vanifh, and give place to folid Hifi:ories, Experi ...
nrents tJndWorks. And Mat Jitfl, mankind fell by tafting of the
forbidden 1ret··of Knr>Wledgefo we, ti:Jeir Pofterity, may be in part reftor'd
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by the fame way, not only by beholding and contemplating, hut by rafting too.thofe fruits of Natural ktzowledge, that were never yet forbidden.
From hence the World may be af]i.fted with variety of Inventions, new
matter for Sciences m'ay he collefred, the old improv'd, and their ruft
rubb'd away ; and a1 it i1 by the benefit of Senfes that we receive all our
Skjll in the work$ of Nature,fo they alfo may he n•onderfully bentfited hy
it, and may he guided to an eafter and more exaa. performance of their
Offices ; ~ti5 not unlik!,ly, hut that we may find out wherein our Senjes art
deficient, and a1 eaftly find wayes of repairing them.
The Indeavours of Skjlful men have been mofl converfam about the
af]i.ftance of the Eye, and manj noble Produf1ions have follon'ed upon it ;
andfrom hence we may conclude, that there is a way open'd for advancing
the operations, not onry of all the other Senfes,hut even of the Eye it felf;that
which ha~.J been already done ought not to content ~M,hut rather to incourage
zu to proceedfurther, and to attempt greater things in the fame and d"r.fferent wayes.
'Tis not unlik!,ly, hut that there may be yet invented feveral other
helps for the eye,a~.J much exceeding thofe already found')a~.J thofe do the hare
eye,foch·cu by which n'e may perhaps he able to difcover living Creatures in
the Moon, or other Planets, the figures of the compounding Partides of
matter, andtheparticular Schematifms andTextures of Bodies.
And as Glaifes have highly promoted our feeing, fa 'tis not improbable,hut that there may be found many Mechanical Inventions to improve
our other Senfes, of hearing, fi11elling, tail:ing, touching. ·Tunot
impoj]ihle to hear a whifper a furlongs di.ftance, it havjng been already
done; and perhaps the nature of the thing n'ould not makt it more impoJlihle, though that furlong fhould be ten times multiply'd. And though
fome famoU5 Authors have affirm'd it impoflible to hear through the thinnell plate of Mufcovy-glafs; yet Ikpow a way,hy which 'ti:s eafte enough
to hear one JPeak.. through a wall a yard thick. It ha~.J not been yet
thoroughly ex.amin'd,how far Otocouflicons may he impro"D,d, nor what
other wayes theri may he of quickning our hearing, or conveying found
through other bodies then the Air: for that that is not the only medium,
I can a!fure the Reader, that I have,by the help ofa ~flended wire,propagated
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gated the found to a very r;onfiderable di.ftance in an infiant, or with ct5
feemingry quick. a motion a-s that of light, at leafl, incomparably fwifter
then that, which at the fame time was propagated through the Air ; and
this not only in a Jlraight line, or direEJ, but in one bended in many.
angles.
,
Nor are the other three fo perfea, but that diligence, attention, anJ
many mechanical contrivances, may alfo highly improve them. For
fince the ftnfe of fmelling feems to be made by the fwift paffage of the
Air ( impregnated with the fleams and effluvia of feveral odoro~
Bodies ) through the grifly meanders of the Noft whoft forfaces are
cover d rvith a very fenjihle nerve , and moifrned by a tranfudation from the proceffus mamillares of the Brain, and fome adjoyning glandules, and by the moift fte1m of the Lungs, with a Liquor
convenimt for the reception of thofe effluvia and by the adhefian and
mixing of thofe fiearns lVith that liquor,and thereby affeCting the nerve, or
perbaps by infinuating themfelves into the juices of the htain, after the
fome manner, ao I have in the following Obfervations intimated, the parts
of Salt to pap through the skins of Effs, and Frogs. Since, I fay, (nelling
feems to be made by fame fuch way, 'ti::f nat inrprohahle, hut that.fome contrivance, for makJng agreat quantity of Air pap quick.. through the Nofe,
might a-.: much promote the fenfe ojfrnelling? a1 the any wayes hindring th.-Jt
paj[age does dull and deflrqy it. Several tryals I have made 1 both of
bindring and promoting thi1 fenfe,and have focceeded in fame according to
expeaation ; and indeed to me it feems capable ofbeing improv'd, for the
judging of the conflitutions of many Bodies. Perhaps we may thereby
alfo judge (a-s other Creatures.feem to d-o) what i1 wholforne,what poyfon ;
and in a word, what are the JPecifick_ praperties of Bodies.
There may be alfo fo'!le other mechanical wayes found out, offenfih!J
perceiving the effi uv ia of Bodies ; fever al Infiances of which? were it here
praper, I couldgive of lv!iner al fleams and exhalations ; and it feems not
impoffih!e'> but that by fame Juch n·ayes improved, may be diftovered, what
Minerals be buriPd under the Earth, with(JUt the trouble to dig for them ;
fame things to confirm tbi1 Conjeflure may be found in Agricola, and other
Writers of Minerals., JFeaking of the Vegetable:s that are apt to thrive, or
pine, in thofe fteams,
c
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Whether alfo thofe ftearns, which feem to iffoe out of the Earth, and
mix with the Air ( andfo to precipitate fame aqueous Ex.halations,wherewith 'th impregnated) may not he by fame way deteaed before they produce
the effeCi, feems hard to determine ; yet fomethiog ofthh kind I am able to
difcover,by an lnflrument I contriv'd to foew all the minute variations in
the prefure ofthe Air ; hy which I conflantly find,that before, and during
the time of rainy weather, thepref{ure of the Air is ltft, 'andin dry weather , hut ejpecially when an Eaftern Wind ( which having pafl over
vafl traEis of Land h heavy with Earthy Particles ) hlon's,. it i1 much
more, though theft changes are varied according to very ocli Laws.
The Infrrument is this. I prepare a pretty capaceous Eolt-head A B, with
fmallfrem about two foot and a half long D C; upon the end of this D
I put on a fmall bended Glafs,or brazen syphon DE F ( open at D, E and F,
but to be do fed with cement at F and E, as occafion fervcs) whofe fiem F
fhould be about fix or eight inches long, but,the bore of it not above half an
inch diameter,and very even; thefe I fix very frrongly together by the help
of very hard Cement, and then fit the whole Glafs ABC DE F into a long
Board,or Frame,in fuch manner,that almofr half the head A B may lye buried in a concave Hemifphere cut into the Board R S ; then I place it fo on
the Board R S, as is exprefi in the firfi Figure of the firfi Scheme ; and fix
it very firm and fieady in that pofiure, fo as that the weight of the Mercury
that is-afterwards to be put into it,may not in the leafi iliake or fiir it ; then
drawing a line X Yon the FrameR T, fo that it may divide the ball into
two equal parts, or that it may pafs, as 'twere, through the center of the
ball. 1 begin from that, and divide all the refi of the Board towards liT
into inches, and the inches between the 2 5 and the end E(which need not be
• above two or three and thirty inches difrant from the line X Y) I fubdivide
into Decimals; then fropping the end F with foft Cement,or foft Wax, I invert the Frame, placing the head downwards, and the Orifice E upwards ;
and by it, with a fmall Funnel, I fill the whole Glafs with Qyickfilver; ·then
by fiopping the fmall Orifice E with my finger, I oftentimes ereCt and invert
the whole Glafs and Frame,and thereby free the Q!lickfilver ~nd Glafs from
all the bubbles or parcels of lurking Air; then inverting it as before,J fill it
top full with clear and well firain'd Qy.ickfilver, and having made ready a
fmall ball of pretty hard Cement, by heat made very foft, I prefs it into the
hole E, and thereby fiop it very fafi; and to fecure this Cement from flying
out afterward,! bind over it a piece of Leather, that is fpread over in the infide with Cement, and wound about it whilfi the Cement is hot: Having
thus fafined it, I gently ereCt again the Glafs after this manner : I firfilet the
Frame down edge-wayes, till the edge R V touch the Floor, or ly horizontal ; and then in that edging pofiure raife the end R S ; this I do , that if
there chance to be any Air hidden in the fmall Pipe E, it may afcend into the
P!pe F, and not into the PipeD C : Having thus ereCted it, and hung it by
the hole Q) or fixt it perpendicularly by any other means, I open the end F,
3
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and by a fmall syph~n I draw out the lv!ercury fo long, till I find the fur face of
it A B in the head to touch exafrly the line X Y; at which time I immediately take away the syphon, and if by chance it be run fomewhat below
the line X Y, by pouring in gently a little Merc,ury at F, I raife it again td
its defired height , by this contrivance I make all the fen!ible rifing and falling of the h.fercury to be vifible in the furface of the Mercury in the Pipe F,
and fcarce any in the head A B. But bec~ufe there really is fome fmall
change of the upper furface alfo, I find by feveral Obfervations how much
it rifes in the Ball, and falls in the Pipe F, to make the difl:ance between the
:JWO fur faces an inch greater then it was before ; and the meafure that it
falls in the Pipe is the length of the inch by which I am to matk the parts of
the Tube F, or the Board on which it lyes, into inches and Decimals: Having thus jufined and divided it, I have a large Wheel M N 0 P, whof~
outmofi limb is divided into two hundred equal parts; this by certain fmall
Pillars is fixt on the Frame R T; in the manner exprefi in the Figure. In
the middle of this, on the back fide, in a convenient frame, is placed a fmall
Cylinder, whofe circumference is equal to twice the 1ength of one of thofe
divifions, which I find anfwer to an inch of afcent, or defcent, of Mercury:
This Cy Iinder I, is movable on a very fmall Needle, on the end of which is
fixt a very light Index K L, all which are fo poi-s' don the Axis~ or Needle,
that no part is heavier then another: Then about this Cylinder is wound a
fmall Clew of Silk, with two fmall fieel Bullets at each end of it G H; one
of thefe, which is fomewhat the heavier, ought to be fo big, as freely to
move to and fro in th€ Pipe F; by means of which contrivance, every the
leafl: variation of the height of the lVfercury will be made exceeding vifible
by the motion to and fro of the fmall Index K L.

But this i1 but one way of difcovering the effluvia of the Earth mixt
U'ith the Air ; there may be perhaps many others,witnefl the Hygrofcope;
an lnflrument whereby the watery fleams volatile in the Air are difcerned,
which the Nofe it felf u not able to find. 1hu I have defcrib'd in the
following Traa in the Defcription of the Beardof a wild Oat. Others there
are;nay he difcovered hath by the No(e , and by other wayes alfo. 1h~
the fmoak ofburning Wood u fmelt, feen, and fufficicntly felt by tht
eyes : 1he fumes of burning Brimftone are fmelt and difcovered alfo
hy the de.flroying the Colours of Bodies , t1I.J by the whitening of a red
Rofe : And who k..nows, hut that the lnduflry ofman, following thh method,may find out r:vayes of improving thu ftnfe to a.s great a degree ofperftClion t1I.J it h in any Animal, and perhaps yet higher.
'Ti1 not irnprohahle alfo,but that our tafte may he very much improv'd,
either by preparing our taft for the Body, t~~.J, after eating bitter things,
Wine,or other Vinous liquors, are more fenfibl) tafled; or elfe b; prepanng
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paring Bodies for our taft ; a1 the dif!olving of Metals with acid Liquors,
mak..e them taftable, which were before altogether infipid ; thus Lead becomes fweeter then Sugar, and Silver more bitter then Gall, Copper
andiron of rnoft loathfome tafls. .And indeed the bufinefl of tbi1 finfe
heing to difcover the prefence.of dif[olved Bodies in Liquors put on the
Tongue,or in general to difcover that afluid body bM fame folid body dif!olv'd
in it, and what they are ; whatever contrivance makts thi-5 difcovery
improves tbh fenfe. In tbi1 kind the mixtures of Chymical Liquors afford many lnftances ; a1 the fweet Vinegar tbat i1 impregnated with
Lead may be difovered to be fo by the affufion of a little of an Alcalizate
folution: The bitter liquor of Aqua fortis and Silver may be difcover'd
to be charg'd with that Metal, by laying in it fame plates of Copper :
~ru not irnprob.tb!e alfo,but there may be multitudes of otber wayes of difcoveringtbeparts dif[olv'd, or difloluble in liquors ; and what is thh difco ...
very but a kind of fecundary rafting.
'1i1 not improbable alfo,but that the fenfe of feeling may be highry improv'd, for that being a ftnfe that judges of the more grofs and robuft
motions oftbe Particles of Bodies, feems capable ofbeing improv'd and
aj]ifted very many wayes.1hU1 for the diflinguifhing of Heat and Cold,the
Weather-glafs and Thermometer, which I have de[crib'din thi-1 following Treatife, do exceedingry perftfr. it ; by each of which the leafl variations of heat or cold, which the mofl Acute fenfe is not able to difti17luifb,are
manifefled 1hi1 h oftentimes further promoted alfo by the help of Burning-glaifes,and the likf.., whicb collefl. andunite tbe radiating heat. Thru
the roughnefs and finoothnefs of a Body u made much more fenfible by
the help of a Microfcope, then by the moft tender and delicate Hand.
Perhaps, a .phyfitian might, by fever a! other tangible proprieties, difcover
the conflitution of a Body as well a1 by the Pulfe. I do but inj1ance in
thefe,to Jhew what pojfibility there may be ofmany others,. and what probability and hopes there were of finding them,if thi1 metbod were fol!JJwed;
for the Offices of the five Senfes being to deteu either the fubtil and curiO\Is Motions propagated through all pellucid or peifefr.ry homogeneous
Bodies; Or the more grofs and vibrative Pulfe communicated through
thr. Air and all other convenient medi ums,whether fluid or folid: Or the
·
effluvia
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effluvia rfBodiesdiffolv·d in the Air; Or the particiesofbodies dif..;
folv'd or diifoluble in Liquors, or the more qt1ick and violent fha..:
king motion ofheat in all Dr arry of theft: rrhatfoever does t1Tl) wayes promote any of theft kjnds uf criteria, does afford a way of improving fome
one fmfe. And what a multitude of theft would a diligent Marl med
with in hbs inquiries? .Andthitt for the helping and promoting the fenfi.
tive faculty nnry.
Next,tv.J for tbe Memory, or retentive faculty, we T11i1) be fu/ficl.mtlj
infirueied from the written Hiftories of civil aCtions, n-·hat gteat ajft.:.
fiance may he afforded the hlemory, in the co7nmitting to writing things oh..
fervahle in natul~Jl operations. If a Phyfitian he therefore accounted the
more able in hi5 Faculty, beeaufe he ha1 had long experience and praliice,
the remembrance of which, though perhaps very irnpe;ftCi, does regulate ali
his after a[iions l What ought to he thought of that man, that ha5 not only
a perftCi regiiter ofhi-1 own experience,hut is grown old with the experience
if many hundreds of years, and many thoufonds of men .
.And though rf late , men, beginning to be finfible of thu convenience,
have here and there regiflred andprimed fame fow Centuries, yet for the·
mafl part they are Jet down very lamely and imperftab, and, 1fear, rliany
times not fa truly, they feerning, feveral of them, to be dejigdd more for
Oitentation then publiqile ufe: For,not toinftance,that they do,for the
moft part,omit thofe E-xperiences they have made , wherein their Patients
have mifcarried,it i& very eafie to be perceiv'd,that they do all along hyperbolically extol their own Preftriptions, and -pi/ifie thofe ofothers. Not-·
withflanding all which, theft kinds of Hifiories are generalry ifteem'd ufo•
ful, even to the ablefl Phyfitian.
What may not he exptfted front the rational or deduCtive Faculty
that i& furrtifht with foch Materials, and thofe fa readily adapted, and
rang'd for ufe,tbat in a moment, a5 'twere, thoufands of lnfiances, ferving
for the illufrration,determination, or invention, of almoft ati:J inquiry,
may be reprefented even to the fight ? How neer the nature of Axiom&
muft all thofe Propofitions be which are examin'd before fo many Witndfes? And how difficult will it be fot any, though never fo fobtil tt!1 error in Philofophy, to fcape from being dlfcrmer~d, after it hrv.,indur·d the .
touch, andfa manJ_ oJher tryals ?
J.
What

The P R E F A c E.
What kjnd of mechanical way, andphyfical invention alfo h there requir'd,that mightnotthuway be found out? 1he'Jnvention of away to
find the Longitude ofplaces i5 eafib perform'd, and that to tv.J great per..
feetion ·~ is defir'd, or to a1 great an accuratenefs a1 the Latitude of
places can be found at Sea; and perhaps yet alfo to a greater certainty
then that h~ been hitherto found, M I Jball very !Jeedilj freely maTJiftfl t'J
the world 7he way of flying in the Air feems principally unprauicabk,
by reafon ~f the want of frrength in humane mufcles ; if th-erefore
that could be fuppli'd,it werl,lthink., eafie to makt twenty comrivances to
perform the office ofWings: What Attempts a!fo I have made for the
foppbing that Defea, and my fuccef!es therein, which, I thin/~.., are wholly
nem;and not inconfiderable, I ]hall in another place relate.
'li-5 not unlikgly alfo, but that Chymifl:s, if they followed thh method,
might find out their fa much fought for Alkaheft. What an univerfal
·Menfhuum , which dif{olves all forts of Sulphureous Bodies, I have
difcover'd ( which ha1 not been before tal«n notice of a1 filch ) I have
Jhewn in the ftx:teenth Obfervation.
·What a prodigiozu variety of Inventions in Anatomy ha1 this latter
Age afforded, even in our own Bodi~s,irt the very Heart, by which we live,
andthe Brain,which is the feat of our lzno.wledge of other things? witnefl
·allthe excellent WorkJ of Pecquet, Bartholinus, Billius, and many
others ; and at home, of Doctor Harvy ,Pol1or Ent,DoEior Willis,Doaor
Gliifon. . In Celeftial Obfervations n'e have far exceeded all the Antients,even the Chaldeans and Egyptians them[elves, whofe vaft Plains,
high Towers,and clear Air, did not give them fo great ad1>antages over
uo, a1 we have over them by our Glafies. By the help ofn'hich, they have
been very much outdone by the famott6 Galileo, Hevdius, Zulichem;
and our own Countrymen, Mr. Rook, Doao~ Wren, and the great Ornam~nt ofour Church and Nation,the Lord Bifhop of Exeter. And to fay
no morein Aerial Difcoveries, there hct5 been a wonderful progrefl made
by the Noble Engine of the moll: lllufrrious Mr. Boyle,whom it becomes
me to mention with all honour, not only ~ my particular Patron,but a1 the
Patron of Philofophy it felf; which he every day increafes by his La. bours, and adorns by hh Example.

1he
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1he good focceft of all theft great Men,and many athers, and the now
feemingo/ great obvioufnefs of moJq af their and divers other Inventions,
which from the beginning of the war ld have been, a5 'twere, trod on, and
yet not minded till thefe lafl inquifitive Ages ( an Argument that there
may be yet behind multitudes of the likg) puts me in mind to recommend
fuch Studies,and the profecution of them by fuch methods, to the Gentlemen
of our Nation,whofe leifurc makts them fit to.undertake, and the plenty
of their fortunes to accomplifh, extraordinary things in this way. And I
do nat onlypropofe this kind of Experimental Philofophy a1 amatter of
high rapture and delight of the mind, but even a5 a material and fenfible Pleafure. · So vafl i1 the variery of ObjeCts which will come under
their InJPections, Jo many different wayes there are of handling them, fa
great i1 the fatisfaCtion of finding out new things, that I dare compare
the contentment rrhich they will injoy,not only to that of contempbtion,
but ez1en to that which mofl men preftr of the very Senfes themfelves.
And if they will pleafe to takt, any incouragement from fo mean
and fa imper[eft endeavours · a5 mine2 upon my own experience, I can
affure them,without arrogance, That there hMnot been any inquiry or Problem in Mechanicks, that I have hithertopropounded to my felj; but by a
certain method ( which I may on fame other opportunity explain ) I have
been able prefent ly to examine the poffibility of it ; and iffa, a5 eafily to excogitate divers wayes of performing it: And indeed it upo/flble to do as
much by this method in Mechanicks, as by Algebra can be perform'd in
Geo~etry. Nor can I at all doubt, but that the fame method h a5 applicable to Phyfical Enquiries , and a5 lif«ly to find and reap ther.zce a5
plentiful a crop of Inventions ; and indeed there fcems to he no fobjeu fo
harren,but may with thi-5 good hJUbandry be highly improv'd.
Toward the profecution of thu method in l?hyfical Inquiries, I have
here and ~here gleaned up an handful if Obfervations, in the collefJ.ion of
mofl of which I made ufe of Microfcopes, and fame other Glafies and Inftruments that improve the fenfe ; which way I have herein takfn , not
that there are not multitudes of ufeful and pleafant Obfervables,yet uncollef1ed,obvioU1 enough without the helps af Art , but onb to promote the ufe
of Mechanical helps for the Senfes,both in the furvrying the already vifible
World1
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WOrld, and for the difcover;' of many others hitherto unk..nown, anl to mak..e
~;with the great Conqueror,to be a(feaed that we have notyet overcome one
World when there are fo many others to be difcovered, every confiderable
improvement ofTelefcopes or Microfcopes producing new Worlds and
Terra-Incognita's to our view.
1he Gla!fos I vfed were of our Engl~"h mak.g,but though very good ofthe
~ kjnd, yet far jh'ort of what might be expeCied, could n'e once find a way of
making Glaf!es Elliptical, or of fame more true Jhape ; for though both
Microfcopes, andTelefcopes, a1 they now are, will magnifie an Ohjeli
about a thoufand thoufand times bigger then it ttppears to the naktdrye ;
yet the Apertures of the Ohjelt-glaf!es arefo very fmall,that very jew Rays
are admitted, and even of thofe few there tJre fo many falfe, that the Ohje!i
appears dark and indifl:intt : And indeed theft inconveniences are fuch,as
· feem infeparable from Spherical Glafes, even when mofl exa&lly rnade;but
the way we have hitherto made ufe offor th.tt purpofe u(o imperfeEl,that there
may be perhaps ten wrought before one be made tolerably good, and mofl of
thofe ten perhaps every one differing in goodnefl one from another, which u
an Argument,that the way hitherto ufed u,at leafl,very uncertain. So that
theft Gla!fes have a double defeli;the one,that very few of them arc eK.aftly
true wrought ; the other, that even afthofe that are befl among them, 111Jne
will admit a fufficient number af Rayes to magnifie the Object beyond a
determinate hignefl. Againft which Inconveniences the only Remedies I
have hitherto md with arB theft.
Firft, for Microfccpu ( where the Objetl: we view is near and within our
power)the beft way of making it appear bright in the Glafs,is to cafi·a great
quantity oflight on it by means ofc•nvex glaj{e.r,for thereby,though the aperture be very finall,yet there will throng in through it fuch multitudes)that an
Objefr will by this 111eansindure to be magnifi'd as much again as it would
be without it. The way for doing which is this. I make choice of fome
Room that has only one window open to the South , and at about three or
four foot difrance from this Window,on a Table, I place my Microf:ope, and
·then fo place either a round Globe of Water, or a very deep clear plano co1t'.ZJtX Glafs ( whofe convex fide is turn'd towards the Window ) that there
is a great quantity of Rayes colleeted and thrown upon the Objetl: : Or if
the Sun thine, I place a fmall piece of oyly Paper very near the Objefi, between that a·n d the light ; then with a good large Burning-Glafs I fo collelt
and throw the Rayes on the Paper,that there may be a very great quantity
, of light pafsthrough it to the Object; yet I fo proportion that light, that It

may
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may not linge or bu.rn the Paper_. Inftead of which Paper there may be
made ufe of a fmall p1ece of Lookmg-glafs plate ~ one of whofe fides is made
rough by being rubb'd on a flat Tool with very fine fund, this will, if rhe
heat be leifurel y caft on it, indute a much greater degree of heat, and con·
fequently very much augment a convenient light. By all whid1 means the
light of the Sun, or of a Window, may be (o caft on an Object, as to make it
twice as light a !a it would otherwife be without it, and that without any in-.
convenience of glaring, which the immediate light of the Sun is very apt to
create in mofr ObjeCts; for by this means the light is fo equally diffufed,
that all parts are alike inlightned ; but when the immediate fight of the Sun
falls on it, the reflexions from fome few parts are fo vivid, that they drown
the appearance of all the other, and are themfelves alfo, by reafon of the inequality of light, indifiinfr, and appear only radiant fPors.
Rut becauie the light of the Sun, and alfo that of a W1ndow~ is in a continual variation, and fo many Objects cannot be view'd long enough by them
to bethroughly examin'd; bdides that, oftentimes the Weather is fo dark
and cloudy, that for many dayestogether nothing can be view'd: And be·
caufe alfo there are m<1ny Objects to be met with in the night, which cannot
fo conveniently be kept perh.a ps till the day, therefore to procure and cafi a
fufficient quantity of light on an Object in the night, I thought of, and often
ufed this, Expedient.
I procur'd me a fmall Pedelhl, fi1ch as is defcrib'd in the fifth Figure of
the .firH scheme on the fmall Pillar rA B, of which were two movable
Armes CD, which by means of the Screws E F, I could fix in any part of
the Pillar; on the undermofi of thete I plac·d a pretty large Globe"of Glafs
G, fill'd with exceeding clear Brine, fiopt, inverted, and fixt in the manner
vifible in the Figure ; out of the f1de of which Arm proceeded another
Arm H, with many joynts ; to the end of which was fafrned a deep plain
Convex glafi I, which by means of this Arm could be moved to and fro, and
tixt in any pofture. On the upper Arm was placed a fmall Lamp K, which
mov' d upon the en~ of the Arm , as to be fet in a fit pofiure to
could be
givt\: light through the Ball: By means of this Infirument duly plac' d , as is
expreft in the Figure, with the fmall flame of a Lamp may be cafi as great
and convenient a light on the Object as it will well indure;and being always
conftant, and to be had at any time~ I found moft proper for drawing the
reprefentations of thofe fmall Objects I had occalion to obferve.
None of all which ways (though much beyond any other hitherto made
ufe of by any I know ) do afford a fufficient help, but after a certain
degree of magnifying, they leave us again in the lurch. Hence it were very
defirable, that feme way were thought of for making the Object-glaiS of
fuch a Figure as would convenient! y bear a large Aperture.

io

As for Telefcopes, the ong improvemtnt they feem capable of, h the
increafing of their length ; for the Objeft being remate, there i1 no thought
if giving it agreater light then it hM ;- and therefore to augment thg
.Aperture, the Glafl ·muft he ground of a very Iarge {Phere ; for, hJ that
e
means,
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means,the longer the Glafl be, the bigger aperture n'ill if bear,ifthe Gla!fes
be of an equal goodnefl in their kjnd. Therefore a fix will indure a
much larger Aperture then a three foot Glafl; and afixty foat Glafl will
proportionably bear a greater Aperture then a thirty,and will cu much excel it alfo a1 a fix foot does athree foot, aiJ I have experimentally obferv'd
in one of that length made by Mr. Richard Reives here at London,
which will bear an .Aperture above three inches over , and yet makf_
the Objeli proportionably big and diftinli ; wherea~J there are very
few thirty foot Glaf!es that will indure an .Aperturt of more then two inches over. So that for Telefcopes , fuppofing we had a very ready way
of making their ObjeCt Glaf{es of exatUy foherical Surfaces, we might, by
increajing the lengr.h of the Glafl, magnifie the Obje&i to any a!Jignable bignefl. .And for performing both theft, I cannot imagine a'!Y way more eafie,and more exaft, then by thu following Engine,by means of which, any_
Gla!fes,of what length foever ,may be [Peedily made.It feems the mofl eafie;
becaufe with one and the fame Tool may be with care ground an Obje&i
Glafl, of any length or breadth requiftte, and that with very little or no
trouble in fitting the Engine , and without much skjll in the Grinder.
It feems to be the mofl exaft, for to the very !aft flrQk_e the Glafl does
regulate and retlifie the Tool to its exa&i Figure ; andthe longer or more
the Tool and Glafl are wrought together, the more exa&i will both of them
be of the defird Figure. Further, the motions of the Glafl and Tool d<J
.fo croft each other , that there i-5 not one point of eithers Surface,but htt5
thoufands of croft motions thwarting it' fo that there can be no kindof
Rings or Gutters made either in the Tool or Glafl..
The contrivance of the Engine is, only to make the ends of two large
]I,J,mdrils fo to move , that the Centers of them may be at any convenient
difrance afunder, and that the Axis of the Mandrils lying both in the fame

plain produc' d, may meet each other in any affignable Angle ; both which
requifites may be very well perform'd by the Engine defcrib'd in the third
Figure of the firfr Scheme: where A B fignifies the Beam of a Lath fixt perpendicularly or Horizontally, C D -the two Poppet htads, fixt at about two
foot difrarn;e, E F an Iron Mandril, whofe tapering neck F runs in an adapted tapering brafs Collar; the other end E runs on the point of a Screw G;
in a convenient place of this is faflned H a pully Wheel, and into the end of
it,t?at comes through the Poppe~ head C> fcrcwed a Ring of a hollow:
Cylmder K, or fome other convemently fhap d T oolj of what widenefs lhtll

!s

be

The

PRE F A

c

E.

be thought molt proper for the cize of Gla!fes , about which it is to Be irri~
ploy'd: As, for Objetl: glalfes, between twelve foot and an hundred foot
long , the Ring rna y be about i!x inches over , or indeed fomewhat
more for thole longer Glaffes. · ft would be convenient alfo, and not
very chargeable, to have four or five feveral Tools; as one for all Glaffi:s
between an inch and a foot, one for all Glalfes between a foot and ten foot
long, another for all between ten and an h~ndred,,a fburth for all between ahundred and a thoufand foot long; and If Cunofity fhall ever proceed fo
far,one for all lengths betwetn a thoufand and ten thoufand foot long; for
indeed the principle is fuch,that fuppofing the A-ltmdril.r well made,and of a
good length, and fuppofing great care be ufed in working and polHhing
them,I fee no reafon Jbut that a Glafs of a thoufand,nay of ten thoufand foot
long, may be as well made as one of ten;, for the reafon is the fame,fuppofing
the Mandrils and Tools be made fuffic1ently ihong, fo that they cannot
bend; and fappofing the Glafs) out of which they are wrought, be capable
of fo great a regularity in its parts as to refraction : this hollow C) Iinder K
is to contain the Sand, and by being drove round very quick to and fro by
means of a fmall Wheel, which may be mov'd with ones foot, ferves to grind
the Glafs : The other At/andril is fha p' d like this, but it has an even neck infiead of a taper one,and runs i[]'a Collar, that by the help of a Screw, and a
joynt made like M in the Figure, it can be fiill ad jufined to the wearing or
wafiing neck: into the end of this Mandril is fcrewed a Chock N, on which
with Cement or Glew is fafined the piece of Glafs Q that is to be form'd;
the middle of which Glafs is to be plac'd jufr on the edge of the Ring, and
the Lath 0 P is to be fet and fixt (by means of certain pieces and fcrews,
the manner whereof will be ·fufficiently evidenc'd by the Figure) in fuch
an Angle as is reguifite to the forming of fuch a Sphere as the Glafs is dc:fign' d to be of; the geometrical ground of which being fufficiently plain,
though not heeded before~ I fhall, for brevities fake, pafs over. This lafi:
Mandril is to be made ( by means of the former, or fome other Wheel) to
run round very fwift alfo, by which two crois motions the Glafs cannot
chufe (if c.are be us'd ) but be wrought into a mofi exaCtly fpherical
Surf..1ce.

But hecaufi we are certain, from the Laws of refraCtion (which 1
I have experimentally found to he Jo,hy an lnfirumtnt I Jball prefently defcrihe) that the lines of the angles of Incidence are proportionate to the lines of the angles of Refraction, therefore if Glafles could
be made of thofe kjnd of Figures, or fome other, foch as the moft incornpa- .
rahle Des Cartes hcv., invented, and dernonflrated in hh Philofophicaland
Mathematical WorkJ,we might hop~ for a much greater perfe&iiov ofOptick;
then can he rationally expeCied ]rom JPherical ones;for though,c'£-teris paribus, we find, that the larger the Telefcope Obje&i Glaf!es are, and the
jhorter thofe of the Microfcope, the better they m.zgnifie, yet hotb of them,
·
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befid~ fuch

determinate dimenfions , are hy certain inconveniences r.endred
unufeful ; for it will he exceeding difficult to makg and manage a Tuhe
above an -hundred foot long, and it will he a6 difficult to inlighten an
Ohjeti left then an hundredpart of an inch diftant from the Ohje&i Glafl.
I have not as yet made any attempts ofthat kJnd, though I k..naw two or
three wayes, rPhich, as far ct5 I have yet confidered, feem very prohahle,anJ
may invite me to mak.g a trya! as foon a1 I hJve an opportunity, of which I
may hereafter perhaps acquaim the world. In the Interim, I .fhalldefcri!Je
the lnflrument I even now mention'd, hy which the refraCtion of all kinds
of Liquors may_ he mofl exaei!J meafur'd, thereby to gi·oe the curioU1 an
opportunity of maf?Jng what further trya/s of that kind they Jball think..
requifite to a'!} of their imended tryals ; and to let them fee th~t the laws
of RefraEiion are not only notional.
The Infhument confifred of five Rulers, or long pieces placed together,
after the manner exprefr in the fecond Figure of the firfi: Scheme, where
A B denotes a frraight piece of wood about fix foot and two inches long,
about three inches over, and an inch and half thick , on the back fide of
which was hung a fmall plummet by a line frretcht from top to bottom, by
which this piece was fet exatl:ly upright,and fo very firmly fixt; in the mid·
dle of this was made a hole or center, into which om: end of a hollow cy·
Iindrical brafs Box CC, fafhion'd as I !hall by and by defcribe, was plac'd,
and could very eafily and truly be mov·d to and fro ; the other end of this
Box being put into, and moving in, a hole made in a fmall arm D D; into
this box was fafrned the long Ruler E F, about three foot and three or four
inches long, and at three foot from the above mention'd Centers P P was
a hole E, cut through, and crofs' d with two fmall threads, and at the end of
it was fixt a fmall fight G, and on the back fide of it was fixt a fmall Arm H,
with a Screw to fix it in any place on the Ruler L M ; this Ruler L M was
mov'd on the Center B (which was exaCtly three foot difrance from the
middle Center P ) and a line drawn through the middle of it L M, was
divided by a Line of cords into fame fixty degrees,and each degree was fubdivided into minutes, fo that putting the crofs of the threads in E upon any
part of this divided line, I prefentl y knew what Angle the two Rules A B
and E F made with each other, and by turning the Screw in H, I could fix
them in any pofition. The other Ruler alfo R S was made much after the
fame manner, only it was not fixt to.the hol.low cylindrical Box, but,by meaRS
of two fmall brafs Armes or Ears, It mov d on the Centers of it ; this alfo
by means of the crofs threads in the holeS, and by a Screw in K, could b~
fafl:ned on.any divifion of another line of cords of the fame radius drawn on
N 0. And fo by that means, the Angle made by the two kulers, A B and
R S, ~as alfo k~own. The ~ra~ box C C ~n t~e middle was. iliap'd very
much hke the Figure X, that Is, It was a cylmdncal Box fropp d clofe at either end,off of which a part both of the fides and bottomes was cut out, fo
that
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that the Box, when the Pipe and that was joyned to it, would ~ontain the
Water when fill'd half full, and would likewife, without running over, in9ure to be inclin'd to an Angle , equal to that of the greatefi refraCtion of
Water, and nomore,without running over. The Ruler E F wasfixt very fail
to the Pipe V, fo that the Pipe V direcred the length of the RulerE F,and
the Box and Ruler were mov'd on the Pin TT, fo as to make anydellrable Angle with the Ruler A B. The bottom of this Pipe V was fiop' d
with a frnall piece of exafrly plain Glafs, which was plac'd exaCl:ly perpendicular to the Line of direction, or Axis of the Ruler E F. The Pins
alfo T T were drill' d with frnall holes through the Axis)and through thofe
holes was frretcht and fafrned a fmall Wire. There was likewife a final{
Pipe of Tin Ioofly put on upon the end of V, and reaching qown to the
fight G; the ufe of which was only" to keep any falfe Rayes of light from
paffing through the bottom of V, and only admitting fuch to pafs as pier~.
ccd through the fight G: All things being placed together in the manner
defcrib'd in the Figure; that is, the Ruler A B being fixt perpendicular, I
fiWd the Box C C with Water, or any other Liquor, whofe refraCtion I intended to try, till the Wire palling through the middle of it were jufr covered : then I moved and fixt the Ruler F E at any affignable Angle, and
placed the flame of a Candle jufr againfr the fight G ; and looking through
the fight I, I moved the Ruler R S to and fro, till I perceived the light paffing through G to be covered, as 'twere, or divided by the dark Wire paffing through P P: then turning the Screw inK, I fixt it in that pofrure:
And through the hole S, I obferved what degree and part of it was cut by:
the crofs threads in S. And this gave me the Angle of Inclination, A P S
anfwering to the Angle of Refraction B P E : for the furface of the Liquor
in the Box will be alwayes horizontal, and confequently A B will be a
perpendicular to it; the Angle therefore A P S will meafure, or be the
Angle of Inclination in the Liquor s next E P B mufi be the Angle of Refracrion,for the Ray that paffes through the fight G, paffes alfo perpendicularly through the Glafs Diapl.ragme at F, and confequently alfo perpendi·
cularly through the lower furfuce of the Liquor contiguous to the Glafs~ and
therefore fufters no refraCl:ion tilt it meet with the horizontal fqrface of tlw
'
,
Liquor inC CJ which is determined by the two Angles.

By means of thi1 lnflrument I can with little trouble, and a very.
fmall quantity of any Liquor, ~amine, mofl accurateb, the refraetiot\'
of it, not only for one inclination, but for all; and thereby am inabled
to mak._e very accurate Tables; [tveral of which !have alfo experimentallj
made,and find, that Oyl of Turpentine has amuch greater Refratiion.
then Spirit of Wine, though it be lighter ; and that Spirit of Wine
has a greater RefraCtion then Water, thougp it be lighter alfo ; butrhat
falt Water alfo has agreater Refra8ion then freib, though it be heav.i~c :
but All urn water has a lefl refrafJion then common Water, though .hed:-·
vier alfo.So that it feems,as to the refraCtion made in a LiqJ!()r,the fpeci~
f
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tick gravity u ofno efficacy .By thh I have alfo found,that look.. what pr~
portion the Sin~ of the .Angle of one.Inclination htv.J to th~ Sine of the
lsngle of Refi-aa10n, correJtondmt to tt, the fame proportion have all
the Sines of other Inclinations to the Sines of their appropriate RefrafJions.
My way for tneafuring how much a Glafs magnifies an Ob jdt.-, plac'd at a
convenient diftance from my eye,is this. Having reetifi'd the ltficrrfcope, to
fee the defir'd ObjeCt through it very diftinfrly, at the fame time that I look
upon the Objetl: through the Glafs with one eye, I look upon other Objects
at the fame diftance with my other bare eye; by which means I am able~
by the help of a Ruler divided into. inches and fmall_p~rts, and bid on the
Pedeflal of the Micro.fcope,to cafr~as It were, the magmfi d appe~rance o~ the
Object upon the Ruler,and thereby exatl:ly to meafure the D1:1meter It ap·
Fears of through the Glafs, which being compar'd with the Diameter it ap·
}'ears of to the naked eye, will eafily afford the quantity of its magnify·
ing.
"The Microfcope, which for the mofi part I made ufe of, was fhap'd much
like that in the f1xth Figure of the firft scheme, the Tube being for the moll:
part not above fix or feven inches long,though, by reafon it had four Draw·
ers, it could very much be lengthened, as occafion required; this was contriv'd with three Glaffes;afmall ObjeCt Glafs at A,a thinner Eye Glafs about
B, and a very deep one about C: this I made ufe of only when I had oc4
cafion to fee much of an Objeer at once; the middle Glafs conveying a
very great company of radiating Pencils, which would go another way, and
throwing them upon the deep Eye Glafs. Rut when ever I had occafion to
examine the fmall parts of a Body more accurately, I took out the middle
Glafs,and only made ufe of one Eye Glafs with the ObjeCt Glais, for always
the fewer the Refratl:ions are, the more bright and clear the Objet} appears.
And therefore 'tis not to be doubted , but could we make a .Micrifcope to
have one only refraction, it would, ceteris parih1u, far excel any other that
had a greater nurnber. And hence it is, that if you take a very clear piece
of a broken Venice Glafs, and in a L1mp draw it out into very fmaU hairs or
threads, then holding the ends of thefe threads in the flame, till they melt
~d run into afmall round Globnl, or drop, which will h"ng a{ th~ end of
the thread; and if further you ftickfeveral of thefe upon the end of a fikk
with a little fealing Wax, fo ;ts that the threads frand upwards, and then on
a Whetfione firft grind off a good part pf them, and after\\·ard on a finooth
Metal pla_te0 with a little Tripolr, r)..lb. .them till they ~{}T?e to be very
f~ooth? 1( one of thefe be fixt wah a little foft \ Vax agamlt a fnlall n~edle
hole,pnck'd through a thin Plate of Brafs, Lead, Pewttr, 0r any other M~
tAl, and an Object, plac'd very nearD b~ look'd ~t thJc,ugh it.; it will bQrh
m.agni.fie apd make fom~ Objects more diftintl: then any of the great .Micro,fco!e.r· _But bec~ufe thefe, thoug~ exceeding e~f1Jy made, are! et very troul>lefom€to be Ui d,beca\lfe of theu frnalnefs,and the nearnefsQf the Object;
t]lcrtfore to prevent both thefe, aud yet have only two 1.\efracriQns I pfQr
vided me a Tube of Brafs, fhap'd nmch like that in the fourth figur~ of the
firft Schemes into the fmaller end of thisJ.fixt with Wax a goodpla'!o roN-

The

PREFAcE.

Objetl: Glafs,with ~he convex fide toward~ the Obje&, and into the
bigger end I fixt alfo with wax a pretty large plano Convex Glafs, with
tb~ convex fide towards my eye , then by Il).eans of the fmall hole
by the fide, I fill'd the interm~diate fpace between theie two Glafles
with very cl~ar Water, and wtth a Screw ll:opp' d it in; · then putting
op a Cell for the Eye, I could perceive an Object more bright then I could
whe;n the intermediate fpace was only fill'd with Air)but this, for other in·
conveniences, I made but little ufe o£
My way for fixing both the GlaiS and Object to the Pedefial moO: conve·
p!entiy was thus : Upon one fide of a round Pedefial A B, in the fixth Fi·
gure of the firfr Scheme,was fixt a fmall Pillar C C, on this was'fitted a fmall
IrQnArm D, whichcoqld be mov'd up and down? and fiJ;.tin a~:~y part of th~
Pillar,by means of a fmall Screw E; on the end of this Arm was a Gnall Ball
fitted into a kind of focket F, made in the fide of the Brafs Ring G, through
which the [mall end of the Tube was fcrew'd; by means of whichcontri·
vance I could place and fix the T Qbe in what pofrure I defir'd (which for
many Obfervations was exceeding neceffary ) and ad jufren it moll: exactly
to af\y ObjeCt.
.
.
for placing the Objett,I made this contrivance; upop the end of<\ frn~ll
brat$ Link or Staple H H, I fo faftned a round Plat~ I I, that it might b~
turn'd round upon its Center K, and going pretty ll:iff, would frand ·
lixt in any pofrure it wasfet; on the ficle of this was fixt a fmall Pillar P,
.abou~ three quarters of an inch high, ~nd through the top of this w.as thrufi:
a fmall Iron pin M, whof~ top jufr frood over the Center of the Plate ; ori .
this top I fixt a tinall Objelt, and by tneans of thefe contrivances I was abl
tQ turn it into all kind of pofitiom, bpth to my Eye ~Pd the Light 5 for by
moving round the fmall Plate on its center, I could !IlOVe it one way, and by
tl]rning the Pin M, I could move it another way, and this without fiirring
the Glafs at all, or nt l~afr but very li!t\e : the Plate likewife I could move
tp and fro to any part of the Pedell:al ( which ]n many caiC:s was very convenient ) and fix it alfo in ~ny Pofition~ by means of a Nut N, which was
fcrew' d on upon the lower part of the Pilh1r C C. All the other Contriy-.nces are obvious enoqgh from the draught~and will need no de.fcrjption

1JtX

No~ though th~ were tho lnftrummt I made mofl ufe of, ;et

I have.

made fever al other Tryals wzth other kinds of Microfcopes, ·which both
for matter and fonn were very di/ftrent from common JPherical Glafes.
I ha?Je made a Mic~orcope with one piece of Glafl, both whofe forfaces
were plains. I have made af11)ther only with a plano concave, without
any kind of refleU.ion, divers alfo by means af refiefrion. !have made
others. rf Waters, Gums, Refins, Salts) Arfenie~k, Oyls9 and with
divers other mixtures ef watery. and o~1y Liquors. Andindeedthe
fuhjetl it capable of a great ·variety ; but I find generally n~ne more ufe.
ful then that which h made with two Glaife.s, foch as I have already de...
~~

.
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What the things areI obferv'd, the following defcriptions will1Jtanifefl ;
in brief, they were either exceeding finall Bodies, or exceeding fmall
Pores, or exceeding fmall Motions, fame of each of which the Reader
will find in the following Notes,andfo ch, as Iprefume, ( many of them
at leafl) will be new, andperhaps not lefl frrange : Some fpecimen of
each of which Heads the Reader will find in the fobftquent delineations,
and indeedoffame more then I was willing there Jhou ld be ; which WtU
occrtfioned by my firft Intentions to print a much greater number then I
have fince found time to compleat. Of ji1ch therefore as I had, I ftle'ied onb fame few of every Head, which for fame particulars feem'd mofl ohfervable, reje[iing the refl as fuperfluow to the prefent Dejign.
What each of tht delineated Subjef1s are,the foll()Wing defcriptions annext to each will inform,ofwhich I foall here, on~y once for all, add, That
in divers of them the Gravers have pretty well follow'd my direftions and
draughts; and that in making af them, I indeavoured (as far as lwtv.J
able ) firfl to difcover the true appearance , and next to makt aplain reprefentation of it. 1hh I mention the rather, becaufe of theft kind of
ObjeUs there h much more difficulty to difcover the true Jbape, then of
thofe vifible to the nak_ed eye, the fame Object feeming quite differing, in
one pojition to the Light, from what it really h, and may be 'difcover'd
in another. And therefore I never began to mak.e any draught before hy
many examinations in ftverallights, and in feveral pofitions to thoft
lights., I had difcover'd the true form. For it h exceeding difficult in
fome Objeas , to di.fiinguifh between a prominency and adepreffion,
between a fhadow and a black ftain, or a refieetion and a whitenefs
in the colour. Befides, the tr anJParency of mofl ObjefJs renders them
yet much more difficult then if they were opacous. The Eyes of a Fbin
one kJnd of light appear almofllikg a Lattice, drilld through with abun..
dance of[mall holes ; which probably may be the Reafan, why the lngeniOU-1 Dr. Power feems to foppofe them fuch. , In the Sunjbine they look..
likt a Surface cover'd with golden Nails; anotherpoflure,lik..e a Surface cover'd with Pyramids; in another with Cones; and in other poflures of quite other.Jfhapes ; but that n'hich exhihits the heft., h the Light
colle&Jed on the Objeu, by thofe means I have already difcrih'd.
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. And thid wao 1mdertakg;t inpr:ofecution of the Defign which the ROY'..AL ·.SOCIETY ha1pr9J1os~dto_ itftlf.ForthelrlembersoftheAJ!emblyhtJving bifor~ their eys fo m4n:l fatal {nflances afthe errors and folfboods,in which
th~ gr(atefl part ofmarzkindhfl5fp long wandred, betaufe they rely'dupon the
ftrength of humane. Reafon · alf!T!~, hav'e b(gun anew to corre&l allff.ypot~~ff:s .·by fenfe., ~ Seamen· do their -dead Reckonihgs by Ccrleftial
Obfe,rvat\ons;and,t6thi1purpofe it hM been,theirprtncipal!ndeavour to enlarge r1st ftrengthen 'the Senfes by ·Medicine~dnd by foch ol.ltward Inftruments ·a& are proper for their particular wvrk.$~. P) th~ medns they findfame
reafon to Juffeli ,that thofe effe0s of Bodies,which have been common~ attri~
buted to Qyali~ies~ and thofe cMfefl'd to be occult, are perform'dby the
[mflll Machines of Nature, which are.not to be difcern'd without theft helps,
fleming the mter produ8s of Motion,Figure,and Magnitude; and that the
Natural Tcxtures, which fome call the Plafiick faculty, may he made in
Looms,1rhi~h a greater perfet}jrm of OptickJ may mak_e difcernable by theft
Glaf{es;fo M now they are no tJJorepuztJe:d about them,then the vulgar are to
conceive,hon,Tapefhy or fiowred Stuffs are tmven.And the ends ofall theft
Inquiries they intend to he the .Pleafure pf Contemplative minds, hut above
all.;he eafe and di(patch of the labours., of mens hands.They do indeednegleCt no opportunity to bring all the rare things of Remote Countrirs within the
compafl of their ktzowkdgt andpra8ice.But thry }till ack[Jowledg their moil:
ufeful Informations to arife from common things, and from diverfifying
theiF mofl ordinary operations upon them.lhey do not wholb rejeti E>:peri~
mmts if meer light and theory ; hut they principally aim at fuch, whofo
.Applications will improve and facilitate the prefent way of Manual Arts.
Andthough fome men, Jl•bo are perhaps takfn up about left honourable Employmmts, are pleas'd to cenfure their proceedings, yet they can fhew more
fruits of their firft three years, wherein they have afembled, then any other
Society in Europe can for a much larger fPace of time.'1i1 true,fuch undertakings fl.j theirs do.commonly meet with [mall incouragemtnt, hecauft
men are general!J rather takfnwith the plaufible and difcurfive, then the
real and the folid part of Philofophy ; yet by the goodfortune of their infiitution,in an Age of all others the moft inq ui fiti ve,tbey have been a!Jifled by the
contribution and pre fence if very many ofthe ch~efNobility and Gentry7
g
and
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and others,who arefom~ rfthe mofr confi~erable in their fever a! Profe/Jio!ls.

But that thatyet farther contvinces me ofthe Real efteetn that the more ferious part of men have of this ~ociety ,is,_that fevera(Merchants,men who
au in eamefl(whofe OhjefA U. meum(})' tuum,thatgreat Rudder'if'?umane
a!fairs)have adverrtur'd confiderable foms ofMoney,to put in prafiicewhat
fome of our Members have contrived, and have continued fredfaft in their
good opinions of fuch lndeavours, when nat one of ahundred ofthe wlgar
have believed their undertakings feafoble.And it~ alfofit to be addeJ;hst
they have one advantage peculiar to themfelves,that very many oftheir number are men of Converfe and Traffick ;· which~ agood Omen, that their
attempts will bring Philofophy from words to aElion.,feeing the men o[Bujinefl ha·ve badfa great a./hare in their firft foundation.
.
.·
.Andoftbi:3 kind I ought not to conceal one particularGenerofity,which more
nedrly concerns my felf.lt is the munificence ofSir JohnCutler,in endowing
a Leflure for the promotion of Mechanick Arts,to be governed and direlied
byThuSociecy .7hhBounty I mention for the Honourablene(s ofthe thing it
felf,and for the expe&iation which I have of the efficacy ofthe Example ;fot
it cannot now be .objeCtedto them~that their Defigns will be efleemed frivolous
and vain, when they have foch a r-eal Teftirrtony of the Approbation of
a Man that i1 fuch an eminent Ornament of thi1 renowned City, and ant,
who, by the Variety, and the happy Succefs, of hi1 negotiations, hM given
evident proofS, that he i1 not eafie to be deceiv'd. Thi.5 Gentleman htP.J well
· ohfetv'd, that the Arts of life have been too long imprifon'd in the clark:.
foops of MechanickJ themfelves,r/..:1 there hindred from grbwth,either "J ig-norance.pr felfinterefl:and he. hcv., bravery freed them from theft inconveni•
ences:He hath not only obligedTradefmen.,but Trade it felftHe h~ /on't ~
work. that~ worthy of London,' and heM taught the chief City ofCommer~
in the *Yorld the right way how C<Jmmerce i1 to be improv'd. TYe have nlrtac!J
ften many other great .figns of Liberality and a large mind, from the fame
hand.· For by his diligence about the Corporation for the Poor;by bH htmnrableSubfcriptions for the.rebuilding ofSt.~aul's;by his chearfulDisburf...
ment for the replanting oflreland,and by marry other fitch pnblick works,
he has foewn by what means he indeavours to eil:ablifh his Memory ; and
ww hy thi1laft gift he heM done that,which became one ofthe wifeft Citizens
1
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of our Nation to accomplijh, feeing' one of the wifefr of our Statefmen,the
Lord Verulam,firfl propounded it.
But to return to my Subjeu,from a digrejflo11, which, l hope~my Reader
will pardon me, . fteing the Example i1 fo rare that I can mak_t no more fotb
digre!ftons. If thefe my firfl Labours jhall he a'!Y wa)es ufiful to inqu~·
ring men, I mufl attribute the incouragement andpromotion 'of tbem to -ave~
ry Reverend and Learned Perfon, of whom thu ought in jujiice to ba faiJ'J
That there is fcarce any one Invention, which this Nation has~pro..
duc'd in our Age, but it has fome way or other been fet forward by
his affiftance. My Reader,Ibelieve.;vill quicklY ghefl, that it £5 Dr: Wit. .
kins that I mean.He_i1 indeed a man "born for the _good ofmankind,andfof
the honour of his Country. In the fweetneis of whofe behaviopr,in the
calmnds of hi1 mind, in the unbounded gooclnefs of hu heart, ll'e htt-ve
an evident Inflance, what the true and fhe primitive unpailionate Religion wa1, before it 1va:s fowred by particular Fafrions. In a word, hi:1 Zeal
ha1 been ·fo conftant and effefrual in advancing all good and profitable
Arts,that a1 one of the Antient Roinans [aid if Scipio, That he thanked
God that he was a Roman; becaufe whereever Scipio had been born!j
there had been the feat of the limp ire of the world: So may · /thank..
God, that Dr. Wilkins wao an Englifhman, for whereever he had lived,
there had been the chief Seat of generous Knowledge and true Philofophy. To the truth ofthu,there.are fo many worthy men living that will fubfcribe, that I am confident, what I have here foid, wUl not be ldok:d upon,
by a'!} ingeniotu Reader, a1 a Panegyrick, but on!J eM .. a rtal tefti...:
mony.
By the Advice of th~ Excellent man I firft fet upon thh Enterprife,yei
flill came to it with much Reludancy,becaufe l WM to follow the footflepsof
fa eminent a Perfon a5 Dr. Wren , who ll'a5. the fir.ft that attempted any
thing of thu nature ; whofe original draughts do now makf_ one of the Ornaments ofthat great ColleCtion of Rarities in the Kings Clofet. 1hh Honor, which his firfl beginnings of thh kind have receiv'd, to he admitted into the mofl famous place of the world,did not fa much incourage, as the ha ..
zard of coming after,.Dr. Wren did affright me; for of him I mufl affirm,
that, fmce the time of Archimedes, thete fcdrce ever met in one man, info
great
1
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a perfe£iion,.fuclni Mechanical Hand, and fo Philofoph1c.tl a.
Mind.
·
· But at lafl,heing af!ured both by Dr. W1lkins,and Dr. Wre~ Mrtzfeij~
that he hadgiven over hi1 intentions ofprofecuting it, and not finding that
there wao any elfe defign'd the purfuing of it,lfet upon thi1 undertakii!g, f1nd
wa1 not a little incourag'd to proceed in it, by the Honour the Royal Sqpie~y
wao pleas'dto favour mewith,in approving ofthofe draughts (which from
time to time as I had an apport unity of defcribing) I prefentedto the,?I. And
particularb·by the Incitements ofdivers of tho(e Noble and excel/em Perfons of it., which were rny more eJPeCial Friends,who were not left urgent with
me for tbe publijhing, then for the profecution ofthem.
·
After I had almofl compleated thefe Pi£iures and Ohfervations ( having had di:v.ers of them ingraven , and was ready to fend them to the
Prefl) I was inforrn'd, that the IngenioU1Phyfitian Dr. Henry Power
had made feveral Microfcopical Ohfervations,which had I not afterwards,
upon our interchang ably viewing each others Papers, found that they n·ere
for the mofl part differing from mine, either in the Subje&i it felf, or in the
particulars taksn notice of; and that his dejign wao only to print Oh[ervati9ns without Piliures,l had even then fuppreffcd what I had fo far pro..
ceededin. But being further excited hy feveral of my Friends, in cornplyance with their apinions, that it lVould not he unacceptable to feveral inquiJitive Men, and hoping alfo , that I fhould thereby difcover fome_thing
New to the World, I have at length caft in my Mite, into the vaft 1reafory of A Philofophical Hiftory. And it is my hope, as well as belief, thllt
theft my Labours will he no more comparable to the Produtlions of ma'!Y
other Natural Philofophers, who are now every where bufie about greater
things ; then my little ObjeCl:s are to he compar'dto the great(r and, more
beautiful Works G>f Nature, A Flea, a Mite, a Gnat, to an Horfe,an Elephant, or a Lyon.

gt~at

SOME

.S c, hem: L

I

I

M I C R 0 G R A PH

i A,

OR SOME

Phyfiological Defcriptions
OF

MINllTE B 0 DIEs,
MADE BY

MAGNIFYING GLASSES;
WITH

Q B i E. R V A T 1 0 N S and

1 N Q.U

I RI ES

thereupon.

Obferv. I. Of the Point ofa.foarp [mall Needle.
~Hf5~" in Geometry, the mofi natural waY. of beginning is Sthem.z.
fi:om a Mathematical point; fo is the: fame method in Fig. I.

Obfervations and Natural hiflDry the tnofr genuine,fimple, and infirufrive. We muft firft endevour to make
letters, and drawJingle fl:rokes true, before we venture to write whole SeNtences, or to draw large Pi·
l1uru. And in Phyfical Enquiries~ we mufi endevour
to follow Nature in the m6re plain and eajie ways ilie
treads in the rnofiJimple and uncompounded bodies, to ttace her fieps, and
be acquainted with her manner of walking there, before we venture our
felves into the multitude of meanders lhe has in budies of a more complicated nature; lefi, bdng unable to difiinguilh and judge of our way, we
quickly lofe both Nature our Guide,and our [elves too;and are left to wan•
der in the labyrinth of groundle~ opinions; wanting both jud,gment, that
light, and experience, that clew, which fhould direct our proceedings.
We will begin thefe our Inquiries therefore with the Obfervations of
Bodies of the rnoftjimple nature firfi,and fo gradually proceed to thofe of:t
more compQunded one .In profecution ofwhich method, we thall begin with
a Ph1(ical point; of which kind the Point of a Needle is commonly reckon'd
for one; and is indeed, for tht mofi part, made fo fharp, that the naked
eye cannot difringuifh any parts of it: It very eaftly pierces, and tnakes its
way through all kind ofbodies fofter then it felf:But if view' d with a very
good Mit.:rofl ope, we may find that the tup of a Needle ( thouglus to the
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fenfe very Jbarp) appears a broad,bl11nt, and very irreg1t!ar end; nbt refembling a Cone, as is imagin'd, but onely a piece of a tapering body, with a
great part of the top remov'd, or deficient. The Points of Pins are yet
more blunt, and the Points of the mofr curious Mathematital Infrrument~
do very feldome arrive at fo great a fharpnefs; how much therefore can
be built upon demonfiraticns made onely by the produCtions of the Ruler and Compaffes, he will be better able to confider that !hall but view
thofe points and lines with a Microfcope.
Now though this point be commonly accounted the fharpefi (whence
when we would exprefsthe fharpnefs of a point the moft.ji1perlative!J, we
fay, As !harp as a Needle) yet the Microfcope can afford us hundreds of Infiances of Points many thoufand times iharper: fuch as thofe ofthe hair.r,
and briflles, and claws Qf multitudes of Infe[/s; the thorns, or cro.of<!, or .
hairs of leaves, and other fmall vegetables; nay, the ends of the jtint£ or
fmall paraUelipipeds of Amianth11s, and ahlfJJen pl11moj11m; of many of
which, though the Points are fo fharp as not to be vihble, though view'd
with a Microjcopt: (which magnifies the ObjeCt, in bulk, above a million of
times) yet I doubt not, but were we able praf1ically to make ll1icrofcopcs
according to the theorJ of them, we might find hills, and dales,and pores,
and a fuflicient bredth, or exp2nfion, to give all thofe parts elbow-room,
even in the blunt top of the very Point ofany of thcfe fo very !harp bodies.
For certainl¥ the quantity or extenfion of any body may be Divijble in infinitum, thotJgh perhaps not the matter.
But to proceed : The Image we have here exhibited in the
firfr Figure~ wa~ the top of a fmall and very fharp Needle, w~
point a a neverthelefs a ppe:u'd through the Microfl.ope above
quarter of an inch broad, not round nor flat , but irregtt/hr and ulieven; fo that it feem'd to have been big enough to h:~.ve atf"Q:Nied a
hundred armed Mites room enough to be rang' d by each otht"!" witnout
endangering the breaking one anothers necks, by being thrufr 'b« "n ei._
ther fide. The furface of which~ though appearing to the naked er~ vert
fmooth,could nut neverthelefs hide a multitude of holes and fcratches and
ruggedneffes from being difcover'd by the Microfcope to invefi: ir, fevCJral
ofwhich inequalities (as A,B,C, feem' d holes made by fome fin all fpecks of
Rufl; and D fome adventitio11s body, that fi:uck very clofe to it) were cafoal. All the refr that roughen the furface, were onely fo many marks of
the rudenefs and bungling of .Art. So unaccurate is it, in a-ll its producti•
ons, even in thofe whichfeem m·ofi: neat, that if txamin'd with ;-~n organ
more acute then that by which they were made, the more we fee oftheir
jhape, the lefs appearance will there be of their bea1tty : \Vhercas in the
works of Nat11re, the deepefr Dilccveries fhew us the great eft. Excellen
cies. An evident Argument, that he that was the Author of all thefe
t~ings, was no other th~n Om11ipotwt; being able to. include as great a vanety ofparts and contnvances m the yet fmallefr Dtfcernable Point as i
thofe vafier bodies (which comparatively are called alfo Points) fuch
the Earth, Sun, or Planets. Nor need it feem fi:range that the Earth it felf
may be by anAnlflogie call'd a:Phyflcal Point:For as its bodyJhough no
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fo near us as to fill our eys and fancies with a fenfe of the vaftnds of it~
may by a little Difiance, and fome convenient Diminijhing Glafie·s, be
made vanifh into a fcarce vifible Speck, or Point (as I have often
try'd on the .Moon, and (when not too bright) on the Smt it fel£) So,
could a Mechanical contnvancc fuccesfully anfwer our Theory, we might
fee the leafl: fpot as big as the Earth ~t fel.f:, aqd Difcover, as Du Cartes Dis? ch.
alfo conjectures, :is great a \;ar ety of bodies in t1 e -21~don, or Planets, as in ro. § 9.
the Earth.
But leaving thefe Difcoverics to fi1tur£; Indufrries, we lball proceed to
add one Obfervation more of n pomt comq1only fo call' d,that is, the mark
of afttUJiop, or period. And for this purpofe I obfervedmany both printed
ones and written ; and among multitudes I found few of them more round
or reg1dar then this which I have delineated in the third figure of the fecond Scheme, but very many abundantly more disfigur'd; and fcir the
mofi part if they {eem'd equally rmmd to the eye, I found thofe points
that had been made by a Copper-plate, and Roll-prefs, to be as misfhapen
as thofe which had been made with 1)pes, the mofi curious and fi:nothly
mgraven flroh.p and poi•nts, looking but as fo many furrows and holes, and
their pri11ted imprejfions, but like fimttty daubing.r on a matt or uneven
floor with a blunt extinguiiht brand or frick's end. And as for puints
made with a pen they were much more r1tfged and deformed. Nay,having
view' d certain pieces of e:liceeding curious writing of the kind (one of
which in the bredth of a two-pence compris' d the Lords prayer, the Apojiles
Creed, the ten Commandments, and about half a dozen verfes b~{ides (Jf the
Bible, whofe lines were fo fotaU and near together, that I was unable to
mtmber them with my 11a~d eye, a very ordinary lliicroflope, I had then about me, inabled II).e to fee that what the Writer of it had aLferted was
true, but withall difcover'd of what.pitifi.tll bunglingfcribble.r and.fi:rawls
it was compos'd,Arabian ahd China chara[/ers being almofi as well fhap' d;
yet thus much I mufi fay for the Man, that it was for the mofi: part legible
enough, though in fome places there wanted a good fantjj well prepofefl
to he 1p one through. If this m::mner offota!! writing were made etific and
prallicttble (and I think I know fuch a one, but have never yet made
tryal of it, whereby one might be inabled to write a great deale \>Vith i1111ch
eafo, and accurately enough in a very little roome) it might be of very
good ufe to convey fecret Intelligmce without any danger _of Difcovery
or mijirufling. But to come again to the point. The Irreg1t/aritie.r ofit
are caufed by three or four coadjutors, one of which is, the unevenforfacc
ofthe pq.per, which at befi appears no fmotherthen a very courfe piece of
fbag'd cloth~ next the irtegularit)' ofthe Type or btgravi1rg~ and a third is the
ro11gh Daubing of th~ Printin.~-In4..that lies upon the infhument that makes
the impreffion, to all which, add the vari4tio11 made by the Different
lights and foadow.r, ~nd you may have fi.1fficient reafon to ghefs that a point
may appear much more ugly then thif, which I have here prefented, which
though it appear'd through the Micrrfcope gray, like a great fplatch of
London dirt, about three inches over; yet to the na/z.ed eye it was bl(u·/z.,
~nd no bigger then that in the midfi of the Circle A. And could I have
found
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found Room in this Plate to have inferred an 0 you iliould have feen that
the letters were not more difl:infr then the pointJ of Dii1:infrion,- nor a
drawn circle more exactly.fo,then we have now ihown a poin-t-tobe a pnnt.

Obferv. IL Ofthe Edge ofa Ra1.f!r.
Sr,mM. THe fharpefi Edge hath the fame kind of affinity to the fharpefi Pllini
in Phyficks, as a line hath to a pDint· in Mathematicks ; and therefore
the Treaty concerning this, may very properly be annexed to the former. A Razor doth appear to be a Body of a very neat and curious afpefr, till more clofely viewed by the Micr".foope, and there we may ob..
ferve its v-ery Edge to be of all kind of fhapes, except what it lhould be.
For examining that of a very fharp one, I could not find that any part of
it had any thing of fharpnefs in it; but it appear·d a rough furface of a
very confiderable bredth from fide to fide, the narrowefr part not feem·
ing thinner then the back of a pretty thick Knife. Nor is·t likely that it
ihould appear any otherwife, fince as we jufi now fhew•d that a point ap·
pear'd a circle, ·tis rational a line fhould be a p~trllUelogr•"'·
Now for the drawing this fecond Figure(which reprefents a part ofthe
Edge about halfa quarter ofan inch long ofa Razor well fet) I fo plac·d it
between the Object-glafs & the light:that there appear'd a refleCtion from
the very Edge,reprefented by the white line abc de f. In which you may
~rceive it to be fomewhat £harper then elfewhere about d, to be indented or pitted about b, to be broader and thicker about c, and unequal
and rugged about e, and pretty even between a b and ef. Nor was that
part of the Edge g h i It fo fmooth as one would imagine fo fmooth bodies as a Hone and Oyl tbould leave it; for befides th fe multitudes of
{cratches, which appear to have raz'd the furface g hi It, and to crofs
~ch other every way which are not half of them exprefi in the Figure,
there were feveral great and deep fcratches, or furrbws, fuch as ..~ h and
i k_, which made the furface yet more rugged, caus'd perhaps by fome
{mall Dufr cafually falling on the Hone, or fome harder or more flinty
part of the Hone it felf. The other part ofthe Razor II, which is polilh'd
on a grinding-fione, appear'dmuch rougher then the other, looking almofi like a plow·d field, with many parallels, ridges, and furrows, and a
cloddy, as 'twere, or an uneven furface: nor iball we wunder at the
roughneffes of thofe furfaces, fince even in the moll: curious wrought
Glafiesfor Microfcopu, and other Optical ufes, I have, when the Sun has
ihone well on them, difcover'd their furface to be varioutly raz'd or
fcratched) and to confifi of an infinite of fmall broken furfaces, which refle£c the light of very various and differing colours. And indeed it feems
impoffible by Art to cut the furface of any hard and brittle body frnooth,
fince Putte, or even the moll: curious Powder that can be made ufe of, to
polifu fuch a body, mufi confifi oflittle hard rough particles, and each of
them mull: cut its way, and confequently leave fame kind of gutter or
fitrrows
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furrow behind it. And though Nature does feem to do it very readily in
all kinds of fluid bodies, yet perhaps future obfervators may difcover
even thcfe alfo rugged; it being very probable, as I elfewhere fhew, that
fluid bodies are made up of fmall folid particles varioufly and Hrongly
mov' d, and may find reafon to think there is fcarce a furface in rerum na·
tur?z perfeCtly iinooth. The black fpot m n, I ghefs to be fome fmall
fpeck of rufi, for that I have oft obferv' d to be the manner ofthe working
ofCorrofive Juyces. To conclude, this Edge and piece of a Razor, if it
had been really fuch as it appear' d through the Microfcope, would fcarcely have ferv' d to cleave wood, much lefs to have cut off the hair of beards,
unlefs it were after the manner that Luc:i~n merrily relates charon to have
made ufe of,when with a Carpenters Axe he chop' d off the beard ofa fage
Philofopher, whofe gravity he very cautiouflyfear'd would iridangerthe
overfetting .of his Wherry.

Obferv. I I I.

Offine Lawn, or Linnen Clflth.

THis is another product of Art; A piece of the finefi: Lawn I was able s~£r,.r f ~
to get, fo curious that the threads were fcarce difcernable by the na- F'&· J.
ked eye,and yet through an ordinary llficrofcope you may perceive what
a goodly piece of coarfo Matting it is; what proportionable cords each of
its threads are, being not unlike, both in tbape and fit..e, the bigger and
coarfer kind of jingle Rofe-yarn,wherewith they ufually make Cables. That
which makes the Lawn i.9. tranfparent, is by the Mir:rf?fi:ope, nay by the
naked eye, if attentiyely viewed, plainly enough evidenced to be the
multitude of fquare ~oles which are left between the threads, appearing
to have much more h le in refpefr of the intercurrent parts then is for the
moll: part left in a latt ·(_e-window, which it does a little refemble, one'ly
the cFOfiing parts are round and not flat.
Thefe threads that compofe this fine contexture, though they are as
fmall asthofe that confritute the finer forts of Silks, have notwithfianding
nothing of their glofiie, pleafant,and lively refleCtion. Nay, I have been
informed both by the Inventor himfelf, and feveral other eye-witneffes,
that thot1gh the Hax~out ofwhich it is made,has been (by a fingular art, of
that excellent Perfon, and Noble Vertuofo, M. charts Howard, brother to
theDtt~ ofNorfolk.._)fo curioufly drefs'd and prepar'd,astoapJkar both to
the eye and the touch, full as fine and asgloj]ie, and to receive all kinds
of colours,as well as Sleave-Silk; y~t when this Silken Flax is twifi:ed into
threads, it quite Io(eth its former lufier, and becomes as plain and bafe ·
a thread to look on, as one of the fame bignefs, made of common Flax.
The reafon of which odd Phenomenon feems no other then this; that
though the curiouOy drefr Flax has its parts fo exceeding! y fmall, as to
equallize, if not to be much fmaller then the clew of the .Silk-worm, efpe•
cially in thinnefs~ yet the differences between the figures of the confrituting filaments are fo great, and their fubfrances fo various, that where~
C
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thoie of the sill{_ are fmall,round, hard, tran.fiarent, and to their bigneG
proportionably ftijf, fo as each filament preferves its proper Figurt~ and
confequently its vivid refletlion intire, though twifi:ed into a thread, if
not too hard; thofe of Flax are flat, limber,.fofter)and lef tranj}areut, and
in twilling into a thread they joyn,and lie fo clofe together;as to loC€: their
own, and deftroy each others particular refteCl:ions. There feems there•
fore three Particulars very requifite to make the fo drefi: Flax appear Silk
.alfo when fpun into threads. Firfi:, that the fubfi:ance of it lhould be
made more clear and tranJparent, Flax retaining in it a kind of opacating
brown, or yellow ; nnd the parts of the whitefi kind I have yet obferv1l
with the Microfcope appearing white, like flaw'd Horn or Glafs, rather
then clear, like clear Horn or Glafs. Next that, the filaments fhould each .
of them be rounded, if that could be done,which yet is not fo very need~
fary, if the firfi be perform' d, and this third, which is, that each of the
fmall filaments be ftifned; for though they be fquare, or flat, provided
they be tranfParent and iliff, much the fame appearances mufi: neceifarily
follow. Now, though I have not yet made trial~ yet I doubt not, but that
both thefe proprieties may be alfo indue' d upon the Flax,and perhaps too
by one and the fame Expedient, which fome trials may quickly inform any
ingenious attempter of, who from the ufe and profit of fuch an Invention,
may find fufficient argument to be prompted to fuch Inquiries. As for
the tenacity of the fubfi:ance of Flax, out of which the thread is made, it
feems much inferiour to that of Silk, the one being a vegetable, the
other an animal fubftance. And whether it proceed fi·om the better con·
coaion, or the more homogeneous confi:itution of a1:1imal fubftances
above thofe of vegetables, I do not here determine; yet fince I ge•
nerally find, that vegetable fubfrances do not equalize the tenacity of rf.,;-:.
tJJitl, nor thefe the tenacity of fome purified mineral fubfi:ances; I am
very apt to think, that the tenacity of bodies does not proceed from the
hamous, or h~o~~ ~articles, as the Epicurca1u, and lOme modern l'bi¥·
phers have tmagm d; but from the more exaCl: congntity of the ~onfti·
tuentparts, which are contiguous to each other, and fo bulky~ as not to
be eafily ieparated, or !harter'd, by any fmall pulls or concuiflOn of
heat.

Obferv. I V.
Schtm. J.
Fig, 1.

Of fine waled Silk_, or Ta!fety.

T

His is the appearance of a piece of very fine Taffety-riband in the
bigger magnifYing Glafs, which you fee exhibits it like a very con•
veoient fubfrance to make Bed-matts,or Door-matts of, or to ferve for Bee·
hives, Corn-fcuttles,Chairs: or Corn-tubs, it being not unlike that kind of
work, wherewith in many parts in England, tbey make fuch Utenfits oF
Sttaw,a little wreathed,and bound together with thongs ofBrambies. For
in this Contexture, each little filament, fiber, or clew of the Silk-worm
feem'd about tlre bignefs of an ordinary Straw, as appears by the little
regular
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re~ular pieces,~ b,~ d,and ef; The Warp,or the thread that ran croffing the

Rtband,appear d hke a fingle Rope of an In~h Diameter; ~t the Woof,
or the thread tpat ran the length of the R1band, appear'd not half fo
big. Each Inch. of fix-peny-liroad Riband appearing llOt iefs then a piece
of Matting Inch and half thick, and twelve foot fquare ; a few yards of
this, would be enough to floor the long Gallery .of the , LQUPc qt Pttt'i.r.
But to return to our pieJ,:e of Riband: It affords us a not unph:~fant ob•
jefr, appearing like a bundle, or wreath, of very clear and tnmfp~rene
CJlindtrs,if the Silk be white, and curioufly ting' d; if it be colotn•' d,~acb.
of thofe fmaU horney cylinders affording in fome pluce or other ofthem
as vivid a reflecrion, as ifit had been fent fi·om a cylinder of Glafs Pr Rom:
In-fo-much, that the reflections of Red, appear'd as jf coming from fo
many Gra11ates, or Rubies. The lovelinef> of the colours of Silks abovQ
thofe ofhairy Stuffs,or Linnen,confifting as I elfe-where intimate,chic:fly in
the tranfparency~ and vivid reflections fi-om the Cpncave~or inner furface
of the tran.fP4rc111 CJlin_der, as are alfo the colours of Precious St011es;
for mofr of the reftecrwns fi·om each of thefe cylinder.f, come fi-om the
Concave furface of the air, which is as 'twere the toil that incompafie£ the
cylinder. The colours with which each ofthefe cylinder,r are ting'cl, feem
partly to be fuperhcial, and fticking to the out-fides of them; and partly,
to be imbib'd, or funck into the fubftance of them : far Silk, feeming to
be little elfe then a dried threa~ of Glcw, .may be fupp~s'd to be very
eafily rdaxt~and foftened, by bemg-fieeped m warm, nay m cold, Ifpene..
trant, juyces or liquors. And thereby thofe tintl:ures, though they tinge
perhaps but a fmall part ofthe fubfrance, yet being fo highly impregnated
with the colour, as to be almofi black with it, may leave an impreffion
(hong enough to exhibite the defir'd colour. A pretty kinde ofartifi..
cial Stuff I have feen, looking almofi like tranfparent Parchment, Horn,
or Ifmg-glafs, and perhaps forne fuch thing it may be made of, which be..
ing tranfparent, and of a glutinous nature, and eafily mollified by keep..
in·g in water, as I found upon trial, had imbib'd, and did remain ting'd
with a great variety of very vivid colours, and to the naked eye, it look'<J.
· ver:y like: the fubfrance of the Silk. And I have often thought, that probably there might be a way found ont, to make an artificial glutinous
compofition, much refembling, if not full as good, nay better, then that
Excrement,or whatever other fubfiance it be out ofwhich, the Silk-worm
wire-draws his clew. If fi.1ch a cornpoGtion were found, it were certain,..
ly an eafie matter to find very quick ways of drawing it out into finall
wires for ufe. I need not mention the ufe of fuch an Invention,nor the be..
nefit that is likely to accrue to the finder,they being fufficiently obvious.
This hint therefore, may, I hope, give fome Ingenious inquifi.tive Perfon
an occafion of making fome trials, which if fuccefsfull, I have my aim, and
.
I fuppofe he will have no occafion to be difplea~· d.
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Obferv. V.

Ofwatered Sil~~ or Stu!fi.

• hem. J, THere are but few ArtiGcial
things that are worth obfo-viug with a
"'
'J ..
Fig. '·

Microfcope ; and therefore I tball fpeak but briefly concerning them.
Fur the ProduCtions of art are fuch rude mif-fhapen things, that whm
view' d with a Microfcope~there is little elfe obfervable,but their deformity.
,The mofr curious Carvings appearing no better then thofe rude R~tffun
Images we find mention'din P11rchas, where three not~h~s at the end of a
Stick, frood for a face. And the moil: fmooth and burntih d furfaces appear
moil: rough and unpolifht : So that my firft Reafon why I fhall add but a
few obfervations of them, is, theit mif-tbapen form; and the next, is their
ufelefsnefs. For why fhould we trouble our felves in the examination of
that form or fhape (which is all we are able to reach with a Microftope)
which we know wa·s defign'd for no higher a ufe, then what we were able
to view with our naked eye? Why fhould we endeavour to difcover
rnyfteries in that whic~ ~as no fu~h thing in it? ~nd like R.abbitJs find out
C•lutllifms, and ttnigmas m the Ftgure, and placmg of Letters, where no
fuch thing lies hid : whereas in naturttlformsthere are fomefofmall, and
fo curious,and their defign'd bufinefs fo far remov' d beyond the reach of
our fight,that the more we magnify the object, the more excellencies and
myll:eries do appear; And the more we difcover the imperfe8:ions of our
fenfesJ and the Omnipotency and Infinite perfections of the great Crea·
tour. I fhall therefore onely add one or two Obfervations more of artifi'..
cia! things, and then come to the Treaty concerning fuch matters as are
the Productions of a more curious-Workman. One of thefeJhall be that
of a piece of water'd Silk, reprefented in the fecond Figure of the third
scheme,as it appear'd through the leaft magnifying Glafs. A B. figni£Ying
the long way of the Stuff,and C D the broad way. This Stuff, if the right
fide of it be looked upon, appears to the naked eye, all over fo waved,
undulated, or grain'd, with a curious, though irregular variety of brighter and darker parts, that it adds no fmall gracefi.ilnefs to the Olofs of ir.
It is fo known a propriety, that it needs but little explication, but it is obfervable, which perhaps every one has not confidered, that thofe parts
which appear the darker part ofthe wave, in one pofition to the light, in
another appears the lighter,and the contrary ;and by this means the undulations become tranfient, and in a c'ontinual change,according as the pofition of the parts in refpect of the incident beams of light is varied. The
reafon of which odd phttnomena: to one that has bnt diligently examin'd
it even with his naked eye, will be obvious enough. But he that obferves
it with a MicrDji:Bpe, may more eafily perceive what this ProJeus is, and
how it comes to change its fhape. He may very eafily perceive, that it
proceeds onely from the variety of the Rejfeaion.r of light, which is caus'd
by the various jhape of the Particles, or little protuberant parts of the
thread that compofe the furface ; and that thofe parts of the waves that
appear
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appear the brighter:throw towards the eye a multitude of fmall teflefiions oflight, whereas the darker fcarce aftord any. The reafon of which
reflell:ion, the Micr~(cope pl-ainly difcovers, as appears by the Figurt. In
which you may perceive, that the brighter parts of the furface confill: of
an abundance of large and {hong reHccrions,denoted by a, a, a, a1 4 , &c.
for the furfaces of thofe threads that run the long WIIJ, are by the Mechanical procefs of watering, creas'd or a'11glecl in another kind of pQfiure
then they were by the weaving: for by the weaving they are onely bent
round the warping threads; but by the watering, they are benJ with an
angle, or elbow, that is in fiead of lying, or being. . beht ro11nd the threads,
as in the third Figure~ a, a, a, a, a, are about b,b,b (b,b,b reprefenting the
ends,as 'twere, of the crofs threads,they are bent about) they are creas~d
on the top of thofe threads, with an angle~ as in the fourth Figure and
that with all imaginable variety; fo that, whereas befoi"e they refleCted
the light onely from one point of the round furface, as about c, c, c, they
now when water' d, reflefi the beams fi:·om more then half the whole furface,as de, de, de, and in other pofiures they return no reflections ctt all
from thofe fi1rfaces. Hence in one pofi:ure they cornpofe the brighter
parts of the waves,in another the darker. And thefe reflections are alfo
varied, according as the particular parts are varioufly bent. The reafon
of which creafing we iliall next examine; and here we mufi fetch our information from the Methanifrn or manner ofproCeeding in this operation;
which, as I have been inform' d, is no other then this.
They double all the Stuffthat is to be water' d~ that is, they creafe it jnfi:
through the middle of itJ the whole length of the piece 5 leaving the right
fide of the Stuff inward, and placing ~he two edges, or filvages jufi upon
one another ,and,as near as they can~ place the wale fo in the doubling ofit,
that the wale of the one fide may lie very near parallel, or even with the
wale of the ot.h er; for the nearer that pofiure they lie, the greater will
the watering appear; and the more obliquely ,or acrofs to each other they
lie, the fmaller are the waves. Their way for folding it for a grea:t wale
is thus : they take a Pin,and begin at one fide of the piece in any wale,and
fo moving it towards the other fide, thereby direfr their hands to the oppofite ends of the wale, and then, as near as they can, place the two oppofite ends of the fame wale together, and fo double:, or fold the whole
piece, repeating this enquiry with a Pin at every yard or two's difiance
through the whole length; then they fprinkle it with water,and.fold it the
longways, placing between every fold a piece of Pafiboard, by which
means all the wrong fide of the water' d Stuff becomes flat, and with little
wales, and the wales on the other fide become the more protuberant ;
whence the creafings or angular bendingsof the wales become the more
perfpicuo,ls. Having folded it in this manner,they place it with an interjacent Pafi:board into an hot Prefs, where it is k~pt very violently prefi,
till it be dry and fiiff ;. by which means, the wales of either contiguous
fides leave their own imprefiions upon each other, as is very rn·anifefi by the fecond Figure, where 'tis obvious enough, that the wale of the
piece A B C D runs parallel between the pricked line£ ef, eJ; t f, and as
D
riranifell:
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manifefi to difcern the impreffions upon thefe wales, left by thofe that
were prefr upon them,which lying not exatl:ly parallel with them,but a little athwart them , as is denoted by the lines of,o o o o,gh: gh,gh, between
which the other wales did lie parallel;they are fo varioully,and irregularly creas'd that being put into that Lhape when wet,and kept fo till they be
drie, they fo fet each others threads, that the Moldings remain almofi as
long as the Stuff lafrs.
Hence it may appear to any one that attentively confiders the Figure
why the parts of the wale a, a, a, a, a, a, fhould appear bright; and why
the parts b, b) b, b, b) b, fhould appear iliadowed, or dark; why fome, 35
J,d,d,d,d,d, Lhould appear partly light,and partly dark: the varieties of
which refiecrions and fbadows are the only caufe ofthe appearance ofwatering in Silks, or any other kind of Stuffs.
From the variety of refietl:ion, may alfo be deduc'd the caufe why a
fmall breez or gale of wind ruffling the furface of a fmooth water, makes
it appear black; as alfo,on the other fide, why the fmoothing or burnifhing the furface ofwhitened Silver makes it look black; and multitudes of
other ph~nomena might hereby be folv' d, which are too many to be here
infified on.

Obferv. VI. Offmall Glafs Canes.
Stltlll, 4·

Hat I might be fatisfi' d, whether it were not poffible to make an
Artificial pore asfmaU as any Nat11ral I had yet found, I made feveral attemps with fmall glafi pipe.r, melted in the flame of a Lamp, and
then very foddenly drawn out into a great length. And, by that mea11r,
without much difficulty~ I was able to draw fome almofr as finall as a
Cobweb, which yet, with the Microfcope, I could plainly perceive to be
perforated, both by looking on the mds of it, and by looking on it againft
the light ; which was much the etifier way to determine whether it were
folid or perforated; for, taking a fmall pipe of glafs, and clofing one
end of it, then filling it httlffuU ofwater, and holding it againft the light,
I cculd, by this means, very eafily find what was the dijferi11g afjell of a
folid and a perforated piece of glafs; and fo eafily dillinguiili, without
feeing either end, whether any cylinder of glafs I look'd on, were a folid
fticft, or a hDlfow cane. And by this means,I could alfo prefemly judge of
any fmall filament of glafs, whether it were hoUow or not, which would
have been exceeding tedious to examine by looking on the end. And
many fuch like ways I was fain to make ufe of, in the examining of divers other particulars related in this Book, which would have been no
eafie task to have determined meerly by the more common way cf looking on, or viewing the Object. For, if we confider firfi, the very fttint
light wherewith the object is enlightened, whence many particles appear opacour, which when more enlightned, appear very tranJParent, Co
that I was fain to determine its tran.ffiarency by one glafs, and its texture
by another Next, the 1mmanageablem;ft of mofr Objeas, by reafon
of
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of their foudntfl, 3· The di}jiculty ofjinding the defired poirn-~ ' and ot
placing it fo, as to reflect the light conveniently f0r the Inquiry, . Lafily,
ones being able to view it but with one e;e at once, they will appear .110
fmall obflruaions, nor are they eafily remov'd without many , contr.iwit.cu. But to proceed, I could not find that water, or fome de..eplj1 ting' d
liquors would in fmall ones rife fo high as one would expect; and the
higheft I have found it yet rife in any ?f the pipe~ I have try'd, was, to
21 inches <lbove the level of the water Ill the vefiel: for though I fmtnd
that in the fmall pipes it would nimbly enter at firfi, and run about :6 or
7 inches upwards; yet I found it then to move upwardsfo flow, that I
have not yet had the patience to obferve it above. that height: of 21 inc~es (and that was in a pretty large Pipe, in comparifon of thofe I formerly mentioned ; for I could obierve the progreft of a very 4eep tingJ
liquur in it with my ntt~d eye, without much trouble; whereas mflny of
the other pipes were fo very fmaU, that unlefs in a convenient plljiure to the
light, I could not perceive them:) But 'ti£ very probable, that a greater
patience and affidHity may difcover the liquors to rife, at leafi to remain
foJPcnded~ at heights that I lhould be loath now even toghefi at, . if at
leafi there be any proportion kept between the height of the afcending
liquor, and the bign~{s of the holes of the pipes.
\

An .Attempt for the Explication of this Experiment.
My ConjeCture, That the 11nequ4l height of the forfaces of the 11"1ter,

1

Air !~,~~: 4'

proceeded from the greater prejfore made upon the water bj the
'Jt'ithout the Pipes A B C, then by that within thetJJ ~ I iball endeavour to
confirm from the truth of the two following Propojitioru:
The firfr of which is, That an Hneqttal prej]itre of the incumbent Air,.
wiU caufe an unequal height in the water's Surfaces.
And the fecond is, That in this experiment there is foch an ttntqual
prej{itre.
.
That the firfi: is true, the following Experiment will evince.. .For if
you take any Vdid fo contrived, as that you can at pleafure either increafe or diminifh the prej]itre of the Air upon this or that part of the Su'"
perfi't:ie.s of the water, the eq1tafity of the height of thofe parts wiil prefently ~e lo{i ;. an~ that part of ~he superficies that fufiains the gte4ter pref
fore; wtll be mfertor to that whtch undergoes the lefi. A fit Vefiel for
this purpofe, will be an inverted.Glafs s;phon, fuch an one as is defcri·
bed in the Sixth FigHre. For ifinto it you put Water enough tofill it as
high as A B, . and gently blow in at D, you fhall deprefi the Super~d.es B,
and thereby raife the oppofite Superfic!es A to n confiderable height:~ and
by gently ]1tck,jng you rna y produce clean contrary effeCts.
,
Next, That there is fuch an uneql[al prejfore, I fhall prove from thi$,
That there is a tJJHch greater incongruifJ of.4ir to Glaji )andfotJJeother Bo&/iu,.
then there is ofWater to the fome.
By
D 2

.

:2

MICROGRAPHIA.
By Cl}llgruilf, I '!'ean a properiJ

of~ jl1tid ~o4J., whereby 411) p.crl tf it

; 1 yeadilj united wtth lillY other part, etther oftl }elf, or of aft} other 8i111k
Jill' jl_llid, or foliel body: And by Incongruity a property of afluid, t1 which
hi»dred from uniting with any dijfimilar,fluid,orfo!id Bod!·
This laft property, any one that hath been obfervingly converfant

;, ls

about fluid Bodies, cannot be ignorant o£ For (not now to mention
feveral ChJ1nical s_pirits and Oyl.r, w~ic~ will very h11rd!y, if at J/, be
brought to mix With one another; miomuch that there may be found
fome 8 9, or more, feveral difiintt Liquors, which fwimming one upon anomer, will not prefently mix) we need feek no further for Examples ~ of this kind in fluids, then to obferve the drops ofrain falling through
the 4 ir, i:md the bubb~s of ttir which are by any means conveyed under
the (urface of the '!'ate1'; or a drop of common s aUet ?Yl f~imming upon
water~ In all whtch, and m~ny more exa.mp~es of tl11S. kmd that might
be enumerated, the incon~P,rmty of two ftmd.J IS eafily dtfcernable. And
as for !he CoNgruity or In~o11gr11itJ of Liquids, ~ith feveral kind! offirm
Bodies,' they have long fince been taken notice of, and called by the
Names:of Drinefl and Moijhtre (though thefe two names are not compre)lcDfive,ffiOugh~ being commonly ufed to fignifie only the adhering or
not adhering of water to fome other folid Bodies)of thi kind we may obferve that wttter will more readily wetfomc wood.r then other.~ ; and that
#Pater, let falLlJppJt.a l~~.thfr,.. ~he whit~r, ~de of a Co{wort; and fome
other leaves, or upbn a1mo1l: any duftJ, unchtous, or 14inous fuperficies,
will not at all adhere to them, but eafily tumble off from them, like a folid
IJor.l; wAereas, ifdrQpt upon Linnen, Paper, Clay, .ttreen IVood, &c. it will
not be taken off, without leaving fome part ofit behind adh~ringt() them.
So !l!!icltfl~r, w~ch will very.IJardlJ ~e bro~ght to flick._ to arty vegetable body,, wtll readriJ ttdhere to, and 1ntngle wtth, feveral clean meta/litre
ht~djes.' · · ·
And that we may the better finde what the ca11fo of C011gntity a11d
lni:~uity in bodies is, it will be~requiftte to·confider) Firfi, what is the
c.aufe offtuidnef.r ; And this, I co11ceive, to be nothing elfe but a certain
PN!fl o~.{halte ofheat·; for Heat being nothing elfe but. a very bris4_and ve·
hemt~ ~t4titm of the parts of a body (as I have eliwhere snade prohtibttble)'~he parts of a body are thereby made iO Iooft from one another,
that they eafily move any way, and become fl1tid. That I may explain
this a lit!;-c by .a grofs- Similit~de, let us fnppo(e a d_ifh of fand fet upao
~e"body that tsvery much ag1tttted, ttnd fhaken wtth fome pticfz and
flro1-~1/;r.t~ng m~t1o'!~a:s ?" a Mi!fltmeturn' d r~tmd upon the under ~one
ftry v~lentlywhdfi-tt i3 ernpty~or()n a very lhtfDrum·bead,\vhich ts vel*n~ht:ly or very nimbly beatet) with rhe Drumfricks. By this means
the fan<:Unthe ditb, which bdorehy like a d11/!and unafrive body~ be~
cqrpes a perfeCt:fotid:; and ye cannofooner mak.e a hole in it. w1th your
~tr~ ~~tit is im~ediately fi.11ed np agai11, :md the upper fiJrfa~e of .it
JiiJe/f'il. Nor c=an you b11ry -a lrght body, as a piece of Cork under 1t2 bttt
it ,prefently emerges or fwim.J as 'twere on rhe top; nor can ybu tay a
heavier on the top of it, as a piece cfLead, but it is immediately bm·ie_d
m
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in Sand, and ( as','twere) Gnks to the bottom. Nor can you make a hoff
in the fide of the DHb, bt1t the f~md fhall nm ottt of it to a level, not an
obviotu propertJ of a fluid body, as fuch) but thii> dos imitate ; and all
this meer}y caufed by the vehement agitation of the contt!ining vellH ;
f?r by this means, elf.ch f~nd becomes to havtt.aiVibrati'lJe or dandNJ mo~
uon, fo as.noother hea_vter ~o?y can re.ft on It, unlefsf1tflcin'd by tOme
other on e~ther fide.: Nor wtll It fuffer any Body to be beneath it, unlefs
it be a heavier. then Jt ~elf. An_oth~r Infiance .of the ~ran~e l.ooflnin~
nature of a VIoknt ,arnng MLtion, or a fhong and mmble v1brative
one, we may have from a piec.e of iron grated on V(:ry fi:rongly with a
file: forifinto that a pin befinw'dfo firmand hard, tliatthoughir ha~
a conveni~nt head to it, yet it can by no mean5 be 11n[crew'd by the fin,.
gers; i4 I fay, you attempt to unfcrew this whiifr grated on hy the file, it
will be found to undoe and turn very eafifJ. The firfr of theie Examplt!~
tnanifefis.) how a body actually divided into fmall parts, becomes a fluid.
And the latter manifdl:s by what means the agitation of heat foeofily
lcofens and untie1 the parts of folid and firm bodies. Nor ne~d we fup•
pofe heat to be any thing elfe, bdides ft1ch a motion ; for fuppofing we
could Mech~tni~aUy produce fuch a one quic/tandftrong enough, we need
not fpend fuel to melt a body. Now, that I do not fpt!ak this altogether
groundlefs, I mufi refer the Reader to the Ob[ervations I have made u~
on the fbining [parks of Steel, for there he lhall find that the jatJJf! effects
are produced upon fmall chips or parcels of Steel by the flame, and by 4
quicl{_ and v;olent motion; and if the body offteel may be thus melted
(as I there £hew it may) I think we have little reafon to doubt that al·
moil: 4nJ ()Jher may not alfo. Every Smith can inform one how quic:kly
both his File and the Iron grows hot withfilin,g, and if you rub almcfl:
~ny two hard bodies together, they will do the fame : And we know,
that a fufficient degree of heat cauws fluidity, in fome bodies much foon..
ttf, and in others later; that is, the parts of the body of fome are fo lao[e
frQm one another, and fo unapt to cohere, and fo minttte and little, that a.
veryfmall degree of agitation keeps them always in the jlate offluiditj.
Ofthis kind, I fuppofe, the £ther, that is the medium or fluid body, in
which all other bodies do as it were fwim and move~ and particularly,
the Air, which fcems nothing dfe but a kind of tinfiltre orfolution of ter...
refirial and aqueous particles dij]oh/d into it, and agitated by it, jufr as
thetinlJureofCochcneelis nothing but fume finer dij]Diuhle parts of that
Concretelick'd up ordi.ffolv'd by thefltJid water. And from this Notion
of it, we may eaftly give a more Intelligible reafon how the Air becomes
fo capableofRarifailiunand Conde1l.fotio11. Fot, as intinilttru,one grain
of fome ftropgly tingi•g fub~nce may Jenfih'J colour ~orne kuitdrtd th~JJ,.
fa,d grains of appropriated Lxquors,fo as every drop of tt bas tts pro portiO·
nate fbare, and be fenfibly ting'd, as I have try'd both with L~~gwoorJ
and Cocheneel : And .as fome · frw grains of Btdt is able to infeCt as
great a 9-uantity,as ma.y be found by pr£t:ipitlftiom, though not iO ea.fily
by the jlght or afle ; fo the .Air~ which feems to be b\lt as 'twertt a tmtlm:e.
Qr[alinc Jubflcnce, diJfohi~4nd 11i)t1tte_d /7 the fluid a.r..dt~gil..d?Jher,may.dtf..
perfe
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pcrfe and expand it felf into a vaft Jjace, if it have room enoug~1, and
infeCt as it were,every part of that fpace. But,as on the other fideJtf there
be bu't fome few grains of the liq~<?r, it may extraa all the colour of the
tinging fubfiance, and may dij]olve all the Salt, and thereby become
much more impregnated with thoie fubfiances, fo may all the air that fuf..
ficed in a rarifYd fiate to fill fome hundred thoufaud fpaces of ./Ether, be
compris'd in only one,but in a pofition proportionable denfe. And though
we have not yet found out fuch ftrainer s for TinCtures and Salts as we
have for the Air, being yet unable to feparate them from their difiolving
liquors by any kind offiltre, without pr,uipitation, as we are able to Je·
parate the Air from the lEther by Glafi, and feveral other bodies. And
though we are yet unable an~ ignorant of the ways of prt£cipit~t~ng Air
out of the lEther as we can Tmfrnres, and Salts out of feveral dif{olvents;
yet neither of thefe feeming impo!fible froll! the nature of the thingi, nor
fo improbable but that fome happy future mduil:ry may find out ways to
effeCt them; nay, further, fince we find that Nature does real!; pe1for111
(though by what means _we a~e not certain) both thc:fe a~cions, namely,
by prt£cipitating the Air m Ram and Dews, and by fuppl ymg the Streams
and Rivers of the World with frefh water, flrain'd through fecret fubterraneous Caverns: And fince, that in very many other proprietiu they
do fo exaCtly feem of the fame nature ; till further obfervations or
tryals do inform us of the contrary, we may Jafely enough conclude them of
the fame kjnd. For it feldorn happens that any two natures have fo many properties coincident or thefame~ as I have obferv'd Solutions and
Air to have, and to be different in the refr. And therefore I think it neither impoffible, irrational, nay nor difficult to be able to prediCI \\Zhat is
/i~IJ to happen in other particulars alfo, bdides thofe which ObfervatiD11
or Experiment have declared thus or thus; efpecially, if the cirCNmflances t~a~ do often ver:,rnuch con?uce to the variation of the effects be
duly wetgh d and confider d. And mdeed, were there not a probability of
this, our inquiries would be endlefs, our tryals vain, and our greateft inventions would be nothing but the meer prod~tt1J of cha11ce, and not of
Reafon; and, like lldariners in an Ocean, defiitute both of a Compttjs and
the fight of the Celeflialg~tids, we might indeed, by cha11ce, Steer diretJfJ
towards our defired Port, but 'tis a thoufond to one but we mifl our aim.
But to proceed, we may hence alfo give a plain reafon, how the Air comes
to be dark_ned by clouds, &c. which are nothing but a kind ofprecipitatiand how thofeprecipitations fall down in showrs. Hence alfo could
I very eafily, and I think truly, deduce the caufe of the curious_fixa~tgu
lar .figures of Snow, and the appearances of Haloes, &c. and the 1udden
thicA.ping of the Sky with Clouds, and the vanijbing and difoppearing of
thofe Clouds again; for all thefe things may be very eafily imitated in a
gla.fs of liqHor 'with (orne flight c.hynJical preparatiom_ as I have oft·en try'd,
and may fomewhere elfe more largely rdate, but have not now time to
fet them down. But to proceed, there are other bodies thatconfifi cf
particles more Groft, and of a more apt figure for coh~fio11, and this requires a fomewhat greater agitation ; fucb, I fuppofe ~.fermented viniJNJ'
Spirits
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spirits, fcveral chymical Oilr, which nre much of kin to thofe Spirits, &c.
Others yet require a greater, as water, and fo others much greater, for al•
mofi infinite degrees: For, I fi1ppofe there are very few bodies in the!
world that may not be made aliquatcnus fluid, by fome or other degree of
agitation or heat.
Having therefore in fbort fet down my Notion of a Fluid body) I come
in the next place to confider what Congruity is; and this, as I faid before,
being a Relative property of a fluid, whereby it may be faid to be lik.§ or
1tn!ik_e to this or that other body, whereby it doe1 or does not mix with
this or that body. We will again have recourfe to our former Experi·
ment, though but a rude one; and here ifwe mix in the difhJeveralkjnd~
offands, fome ofbigger, others of left and finer bulks, we ihall find that
by the agitation the fine fond will eje[/ and throw 011t of it felf all thofe
bigger bulks of fmalljfones and the like, and thofe will be gathered toge·
ther all into oNe place ; and if there be other bodies in it ofother natures,
thofe a1fo will befeparatedinto a place by themfelves,and unitedortum·
bled up together. And though this do not come up to the highefl proper~
ty of CongntifJ, which is a Cohtejion of the parts of the fluid together, or
a kind of attraCiion and tenacity, yet this does as 'twere Jhadow it out,
and {cmew hat refemble it; for jufi after the f;1me manner, I fuppofe
the pulfe of heat to agitate the fmall parcels of matter, and thofe that are
of a lik_e bignef, andfikure, and matter, will hold, or dance together, and
thofe which are of a differing kind will be thn!ft or fhov' d out from between them; for particles that are all jimilar, will, like fo many equal
n11!Jical firings equaUy flretcht, vibrate together in a kind of Harmon} or
1tnijon; whereas o~hers that are dijfimilar, upon what account foever,un•
lefs the difproportion be otherwife counter-ballanc'd, will, like fo many
firings o11t of tune to thofe unifons, though they have the fame agitating
pufe, yet make quite differing kinds of vibrations and repercuffions, io that
though they may be both mov'd,yet are their vibrations fo different, and
fo 1mt1m'd, as 'twere to each other, that they croft and jar againfr each
other, and confeqnently, cannot agree together, but fly bacft from each
other to their fimilar particles. Now, to give you an infi:ance how the
difproportion of iome bodies in one refpefr, may be counter-ballanc'd by
a contrarJ diJProportion of the fame body in another refpetl:, whence we
find th:n the fubtil vinolts Jpirit is congruo1u, or does readily mix with wa·
ter, which in many properties is of a very differing nature, we may con•
fider that a 1mi[on may be made either by two firings of the fame hignefi,
length, and ten_(ion, or by two firin_gs of the fame bignef, but of differing
length, and a contrary differing tenjuJu; or: 3/y. by two firings of 11neq1tal
length and bignefl, and of a differing tcnjo11, or of equal length, and diffe•
ring bigne(s and tenjon, and ieveral other fuch varieties. To which three
properties infirings, will correfpond three proprieties alfo in fond, or the
particles of bodies, their Matter or subftanr:e, their Fig11re or Sht~pe, and
their Body or B1tlk.: And fi·om the varieties of thefe three, may arife infinite varieties in tluid bodies, though all agitated by the {ame pu!Je or vi...
brative motion. And there may be as many ways of making Harmonies
and
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and Difcords with thefe, as there may be with nuificalfirings. Ha1•ing
therefore feen what is the caufe of Congruity or Incongruity, thofe relaL
tive properties of fluids, we may, from what has been faid, very eafily
collefr, what is the reafon of thofe Relative proprieties alfo between ft1tidbodies andfolid; for fince all bodies confifi of particles of fuch a subfiance, Figure, and Bulft; but in [orne they are united together more jirn1~
& then to be /(}ofened from each other by every ·vibrat1Ve motion (though
I imagine that there is no body in the world, but that fome degree of agitation may, .as I hinted before, agita.te and loofe? the ~:articles fo :~s to
make them fl.utd) thofe coheri1tg particles may vtbrate m the fame man..
ner almofi as thofe that are Iooft and become tmifims or difcords, as I
tnay fo fpeak, to them. Now that the parts of all bodies, though never
fo folid, do yet vibrate, I think we need go no fnrther for proof, then
that aUbodies have fome degrees of heat in them, and that there has not
been yet found any thingperfell!J cold: Nor can I believe indeed that there
is any fuch thing in Nature, as a body whofe particles are at ref1, or ln.)
and una[/ive in the great Theatre of the JVorld, it being quite contrd1') to
the grand Oeco110mJ of the Univerfe. We fee therefore what is the reafon of the.fjmpathy or uniting of fome bodies together, and of the anti·
pathy or flight of others from each other : For Co11grui~ feems nothing
elfe but a sympathy, and Incongr11ifJ an Antipathy of bodies; hence ji111i~o
lar bodies once united will not e'!.fiiJ part, and dijfimilar bodies once d;p
jojl/d will not etifily unite again; from hence may be very eafily deduc'd
the reafon of thefojjenjon of water and .ffl!!.ick;:jilver above their ufualflatioft, as I fhall more at large anon fhew.
Thefe properties therefore ( alwayes the concomitants of fluid bodies)
produce thefe foliowing viiible Ejf~[/s:
Firfi, They ttnite the parts of a fluid to itsJimilar Solid, or keep them
feparate from its dif]imilar. Hence ~icft-jilver will (as we noted before)
fiicft to Gold, silver, Ttn, £ead,&c. and unite with them : but rout offfrom
.Wood, Stone, Glafl, &c. if never fo little fcituated out of its horizontalle•
vel; and w.tter that will wetfait and dif{olve it, will Jltp off from TalloW?,
or the like, without at all adhering; as it may likewife be obferved to
do upon a dufly fuperficies. And next they caufe the parts of homogette.:.
a/ fluid bodies readily to adhere together and mix, and of heterogmeal,to
be exceeding averfe thereunto. Hence we find, that two fmall drops of
'Water, on any fuperficies they, can roul on, will, if they chance to toucl\
each other, readi!J tmite and mix into one 3d drop: The like may be ob•
ferved with two fmall Bowls of Jf!.!!_hl{:jilver upon a Table or Glafs, pro•
vided their furfaces be not d1:fty; and with two drops of oyl upon fair
water, &c. And further, water put unto wine,folt water, vinegar, JPirit
of wine, or the like, does immediately ( efpeciall y if they be fhaken to·
gether) d~eife it felf all over them. Hence, on the contrary, we alfo
find, that Oyl ofTarfar poured upon !f!!!_ick:;Jilvrr, and Spirit of Wine on
that Oyl, and oyl ofTurpentine on that spirit, and Air upon that Oyl;though
they be fropt clofely up into a Bottle, and Jbah,pz never fo much, they
will by no means long fuffer any of their bigger parts to betmited or included
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eluded within any of the other Liquors(by which recited Liqqors>may be
plainly enough reprefented the four Peripat~tit-·,11 f,len:tents, flllQ the more
[ubti1£ther above all.) From this property'tis, that a drop of wq~~r doe~
not mingle with, or vanith into Air, but is driven ( by that Fluiq ~qu:tlly
protruding it. on e:'ery fide) an? forc't into as little a fpace ~s it can poffibly be con tamed m, namely Into a Round Gloh~tle. So hkewife a lit-,
tie Air blown under the water, is united or thruil: into a Bubble by the
ambient water. And a parcel of !<!!_ickJilver enclofed with Air, Water;
or almofi any other Liquor,is formed into a round Ball.
Now the caufe why all thefe included FluidsJ newly mentioned~ or <\S
tnany others as are wholly included within a heterogeneous fll.lid, ar~
not exa{}ly of a spherical Fig11re (feeing that if caufed by thefe Principle~
only, it could be of no other) mufi proceed from fome other kind of
preffure againfi the two oppolite flatted fides. This adventiti01u or acci~
dental prefure may proceed from divers ca11[es, and accordingly mufi di..,
verfifie the Figure of the included heterogeneous fluid ; For feeing that a
body may be included either w·ith a fluid only, or only with a fr lid, or
partly with a fluid, and partly with a folid, or partly with one fluid, and
pard y with another; there will be found .a very great variety of the terminating Jitrfaces, much differing from a spherict~l, according to the Vqrious refinance or prefii1re that belongs to each of thefe encompafiing bo.,
dies.
Which Properties may in general be deduced from two heads, viz.
Motion, and ReJl. For, either this Globular Figure is altered by a nat1tral Motion, fuch as is Gru.vity; or a violmt, fi.1ch as is any accidental motion
of the fluids, as we fee in the wind ruffiing up the water,:md the purlings
of Streams, andfo.wting of Catarraas, and the like. Orthitdly, By the
R.efl, Firnmefs and Stability of the ambient Solid. For if the including
solid be of an angular or any other irregular Form, the included fluid will
be near of the li~,as a Pint-Pot full ofwater,or a Bladder full of Air. And
next, if the including or included fluid have a greater gravity one than
another,then will the globular Form be depreil: into an Elliptico-jjherical:
As if, for example, we ft1ppofe the Circle A B C D, in the fourth Figure,
to reprefent a drop of water, ~icf<::Jilver, or the like, included with the
Air or the like ~ which fuppoimg there were no l?,ravity at all in either of
the jl1tids, or that the contained and contaitti11g were of the fome weighttJ
would be equally compreft into an exaCtly .Jphericalbody (the ambient
fluid forcing equally againil: every fide of it. ) But fuppofing either a
greater gravit; in the included, by reafon whereof the. parts of it being
prefl from A tow.ards B, and thereby the whole put mto motion, and
that motion being hindred by the reftflance of the Jitbjac.mt parts of the
ambient, theglob11lar Figure A D B C will be depreflmto the Elliptico.ffiherical, E G F H. For the {ide .A is detruded toE by the Gravity, and
B to F by the r~fi.fl:ance of the fubjacent medium : and therefore C mufi
necefiarily be thrufi toG; and D to H. Or elfe, fuppofing a gre<\ter gra'l.lity in the ambient, by whofe more then ordinary prejfiire againfi the under.
tide of the includ~d globule ; B will be forced to F, and by its ref!ftance of
E
the
j
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the motion upwttrds, the fide A will be deprefl to E, and therefore C being
thrufr to G and D to H; the glob1tlar Figure by this means alfo will be
made an Elliptico-Jjherical. Next if a fluid be includedpart~with one
and partly with another ~uid, it will be_ found :o be fbaped diver:JIJ, ac~
cording to the proportion of the gravtty and mcongnury of the 3 jfuid1
one to another : As in the fecond Fi,~ure, let the upper M M M be .Air,the
middle L M N o be common oyl, the lower o 0 0 be Water, the Oyl
will be form' d, not into a Jjhe~ical Figure , fuch as is reprefented by the
pric~d Line) but into fuch a F1gure as L M N 0, whofe fide L M N
will be of a flatter Elliptical Figure) by reafon of the great difproponion
between the Graviry of oyl and Air, and the fide L 0 M of a rounder,
becaufe of the :frnaller difference between the weight of Oyl and Water.
Lafrly,Theglobular Figure will be ch~ng~d,if ~he a1~1bient be .partly fluid
and partly folid. And here the termmanon ot the mcompafied jf11id t~
wards the incompa:ffing is fhap' d according to the proportion of the con~ruity or incongruity of ~he fluids to the folids, and of the gravity and
mcongruity of the fluids one to another. As fuppofe the fubjacent me.
dium that hinders an included fluids defcent,be a folid ) as let K I, in the
fourth Fig1tre) reprefent the fmooth iuperficies of a Table; E G F H, a
parcel of running Mercury; the fide G F H will be more flatted, ac·
cording to the proportion of the incongruity of the Mercury and Air to
the lf'oDd,and of the gravity of MerC1trJ and Air one to another ; The fide
G E H will likewife be a little more deprefr by reafon the fubjacent
parts are now at refi,which were before in motion.
Or further in the third Fig11re, let A I L D reprefent an including fl ..
lid medium of a cylindrical fbape (as fuppofe a fmall Glafl1ar) Let
F G E M M reprefent a contain'd fluid, as water; this towards the bot·
tom and fides) is figured according to the concavity of the G!afi ,· But its
upper Surface, ( which by reafon of its gravity, ( not confidering at all
the Air above it, and fo neither the congruity or incongruity of either of
them to the Glafs) fbould be terminated by part of a sphere whofe diameter fbould be the fame with that of the earth, which to our fenfe would
appear a firaight Line, as F G E, Or which by reafon of its having a
greater congruity to Glafs than Air has, ( not confidering its Gravity)
would be thrufi into a concave sphere, as C H B, whoft: diameter would
be the fame with that of the concavity of the Veflet :) Its upper Surface,
I fay, by reafon of its having a greater gravity then the Air, and having
likewife a greater congruity to Glafs then the Air has, is terminated, by a
C()1tcave Elliptico-JjhericalFigure, as C K B. For by its congruity it eafily
conforms it felf, and adheres to the Glafs, ~md conllitutes as it were one
containing body with it, and therefore fbould thrufC the contained Air on
that fide it touches it,into a JPhericalFigure, as B H C, but the motion of
Gravity deprefiing a little the Corners B and C, reduces it into the afore·
f.lid Figure C K B. Now that it is the greater congruity of one of the
two clJntiguoHs fluids,then of the other,to the containing.fo/id,that caufes
the feparating furfaces to be thus or thus figured : And that it is not be·
caufe this or that figurated furface is more proper~ natural, or peculiar to
one
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one of thefe fluid bodies,then to the other,will appear from thi3; that the
fame fluids will by being put into difleringfo/id.r , change their forfaces.
Forthe fame water, which in a Glafs or wooden Vefiel will have a con4
cave furface upwards,a.nd will rife h~gher in a fmaller then a greater Pipe,
the fame water, I fay, m the fame Pipes greafed over or oyled, will pro4
duce quite contrary effeCts; for it will have a prtJtltberant and convex finface upwards, and.will n~t rife fo high in fmall, as in bigger Pipes : Nay,
m the very fame fohd Veffel ~ you may make the very fame two contigu4
ous Liquids to alter th<:ir Sur£1ces; for taking a frnall Wine-glafs,or fuch
like Velfel, and pouring water gently into it, you fhall perceive the jitrface of the water all the way concave, till it rife ·even with the top, when
you fhall find it (if you gently and carefully pour in mote) to grow
very protuberant and convex ; the reafon of which is plain, for that the
Jolid fides of the containing body are no longer extended, to which the
water does more readily adhere then the air; but it is henceforth to be
included with air, which would reduce it into a hem~(phere, but by reafon
of its gravity, it is flatted into an O•va!. ff2!!ick.filver alfo which to Glafs
is more incongruous then Air (and thereby being put into a Glafs-pipe~
will not adhere to it, but by the more congptous air will be forced to have
a very protuberant furface, and to rife higher in a greater then a leiTer
Pipe ) this .f<!!ickfilver to clean Metal, efpedally to Gold,silver,Tin:Lead,
&c. Iron excepted,is more congnto11s then Air, and will not only fiick to
it,but have a t:onc~tve Surface like water, and rife higher in a lefs, then in a
greater Pipe.
.
In all thefe Examples it is evident, that there is an extrtwrdinarJ and
ttdventitio1ts force, by which the globular Figute of the contained hetero·
gene01u fluid is altered; neither can It be imagined, how it fbould otherwife be of any othe1:Figure then G/ob11lar: For being by the heterogene·
o1ts fluid equally protruded every way ,whatfoever part is protuberant, will
be thereby depreft. From this caufe it is, that in its eftefrs it does very
much refemble a ro1md spring (fuch as a Hoop.) For as in a round spring
there is required an additional prejfitre againft two oppofite fides, to re4
duce it into an Oval Form , or to force it in between the fides of a Hole,
whofe Dianteter is lefs then that of the spring, there muft be a confiderable force orprotn!fion ag~infl: the concave or inner fide of the spring ; So
to alter this fpherical conftituticn of an included fluid body, there is required more preHure againft oppofite fides to reduce it into an Oval; and;
to prefs it into an Hole Ids in Diameter then it felf, it req1.1ires a greater pro·
tr11jion againil: ;11l the other fides. What degrees of force are requifite
to reduce them into longer and longer Ovals, or to prefs them into lefs
and Ids holu, I have not yet experimentally calculated ; but thus much
by experiment I find in general , that there is alwayes required a greater
preifure to clofe them into longer Ovals , or protude them into frnaller
holes. The neceffity and reaion of this, were it requifite,I could eafily explain : but being not fo necef1ary, and requiring more room and time
then I have for it at prefent , I fhall here omit it ; and proceed to Chew,
that this may be prekntly found true, if Experiment be made with a
E 2
round
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romtel spring (the way of making which trials is ohvi{JH~ ~no ugh~ ) A~d
with the fluid bodies of Mercury, Air, O"'c, the way of ~ry-l_ng w~uc~, will

be fomewhat more difficult ; and therefore I fhall m ~net defcnbe It. He
therefore that would try with Air, mufi firfi be provided of aGlafi-pipe,
made of the tbape of that in the fifth Fig11re , whereof the hde A B, reprefents a fi:raight Tube of about three foot long, C, reprefents ~not her
part of it, which confifis of. a roun_d Bubble; Co ordered,t?at there Js left a
paj]age or hole at the top, into which rna~ ?e fafi:ened With cement feveral
fma/J Pipes of determinate cylindrical cavmes : as let the hoUow of
.
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There may be added as many more , as the Experimenter iliall think fit,
with holes continually decreafing by known quantities, fo far as his fenfes
are able to help him; I fay, fo far, becaufe there may be made Pipes fo
fmall that it will be impoffi.ble to perceive the perforation with ones naked eye,though by the help of a Microfcope, it may eafily enough be perceived: Nay, I have made a Pipe perforated from end to end, fo fmall,
that with my naked eye I could very hardly fee the body of it, infomuch
that I have been able to knit it up into a knot without breaking : And
more accurately examining one with my Microfcope, I found it not fo big
as a fixteenth part of one of the fmaller hairs of my head which was of
the fmaller and finer fort of hair, fo that fix teen of thefe Pipes bound faggot-wife together, would but have equalized one fingle hair; how fmall
therefore mufi: its perforation be? It appearing to me through the Microflope to be a proportionably thic~jded Pipe.
To proceed then) for the trial of the Experiment, the Experimenter
mufi rlace the 7Hbe A B, perpendicular' and fill the Pipe F (cemented in·
to the hole E) with water, but leave the bubble C full of Air, and then
gently pouring in water into the Pipe A B, be mufi obferve diligently
how high the water will rife in it before it protrude the bubble of Air C,
through the narrow pa!Jage of F, and denote exactly the height of the
Cylinder of water, then cementing in a fecond Pire as G, and filling it
with water; he may proceed as with the former, denoting likewife the
height of the cylinder of water, able to protrude the bubble C through
the paffage of G, the like may he do with the next Pipe,and the next,O"'c.
as far as he is able : then comparing the fe,·eral heights of the cylinders,
with the feveral holes through which each cyli11der did force the air (having due regard to the Cylinders of water in the fmall T11bes) it will b;!
very eafie to determine, what force is requifite to prefs the Air into fuch and fuch a hole, or (to apply it to our prefent experiment)
how
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how much of the preffure of the Air is taken off by its ingrefs into fma}.:.
let and fmaller holes. From the application of which to the entring of
the Air into the bigger hole of the vejfel, and ,into the fmaller hole of the
Prpe, we fball clearly find, that there is a greater preffure of the air upon
the water in the Vefjel or greater pipe, then there is upon that in the ldfer
pipe :. For fince th~ prdlure of ~he air every_ way i~ found to be equal,
that Is, as much as Is able to preis up and ft1fiam a Cylmder of &!!)c:k..filvet
of two foot and a half high, or thereabouts; And ftnc:e of this preilure
fo many more degrees are required to force the Air into a fmaller then
into a greater hole that is fi1ll of a more congruous fluid. And lafily,
fince thofe degrees that are requiftte to prefs it in, are thereby taken off
from the Air within, and the Air within left with fo many degrees of
prefiure lefs then the Air whhout ; it will follow, that the Air in the lefs
Tube or pipe , will have lefs pre£Iure againfl: the fuperficies of the water
therein, then the Air in the bigger z which was the minor Propohtion to
be proved.
The Conclufion therefore will necelfarily follow, fJiz. That this unequal prefure of the Air caufed by its ingref into unequal holes, is a caufe fujficient to produce this ejfe[J , with011t the halp of any other concurrent ~ and
therefcre is probably the principal (if not the only) caufe of thefe PhtentJ-'
mena.
. This therefore being thus explained , there will be divers Phtenomena
explicable thereby, as; the riftng of Liq11ors in a Filtre, the riftng of spirit
of Wine, Oyl) melted Tallow, &c. in the Week._ of a Lan1p, ( though made
of fmall Wi:e, Threeds o~ Aste.ftru, Strings of Glafs, or the like) the riftng
of Liquorsm a sp1mge) pteceof Bread,sand, &c. perhaps a]fo the afcending of the sap in Trees and Plants, through their fmall, and fome of them
imperceptible pores, (of which I have faid more, on another occafton) at
leafl: the palling of it out of the earth into their roots. And indeed up•
on the conftderation of this Principle, multitudes of other ufes of it oc~
curr' d to me, which I have not yet fo well examined and digefl:ed as to
propound for Axioms, but only as ~cries and Conje[/1/res which may
ferve as hints toward fome further difloveries.
As firfl:, Upon the conftderation of the congruity and htcongrttity of Bodies~as to touch, I found alfo the like congrHity and incongmity (if I may
fo freak) as to the TranfrJJitting of the Raies of Light: For as in this regard,water (not now to mention other Liquors) feems nearer of affinity to Glafl then Air,and Air then ff<!!_ick...filver : whence an oblique Ray out
(;f Gl.tfs, will pafs into water with very little refraOton fi·om theperpendi,_·ular, but none out of Glafl into Ah·, excepting a dire[/ , will pafs without
a very great refraction from the perpendicular) nay any oblique Ray under thirty degrees, will not be admitted into the Air at all. And f<!!_icf<:
jilver will neither admit oblique or direCl:, but refleCl:s all ; feeming, as to
the tranfmitting of the Raies of Light, to be of a. quite differing conll:itution,fi-om that of Air,Waterplafl, 6"c. and to refemblemofl: thofe opa-cous and fhong reflecting bodies of Metals: So alfo as to the property of
cohefion or congruity , Water feems to keel;' the f~1me order , being
more
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more congruous to Glafs then Air , and Air then QyickGlver.
A Second thing (which was hinted to me, by the confideration of the
included fluids globular (orm , caufed by the protrufion o~ the ambient
heterogeneous fluid) was, whether the Ph£nomena of gravtty might not
by this means be explained,by fuppofing the Globe of Earth, Water, and
Air to be included with a fluid, heterogeneous to all and each of them,
fo fubtil , as not only to be every where inte':ffietfed through the Air, (or
rather the air through it ) but to pervade the bodies of Gla.ft, and even
the clofefl Metals, by which means it may endeavour to detrHde all earth·
ly bodies as far from it as it can ; and partly thereby ,and partly by other
of its properties may move them towards the Center of the Earth. Now
that there is fome fuch fluid,I could produce many Experiments and Reafens, that do feem to prove it : But becaufe it would ask fome time and
room to fet them down and explain them, and to confider and anfwer all
the ObjeCtions (many whereofl forefee) that may be alledged againll:
it; I fhall at prefent proceed to other ~erie.r,contenting my felf to have
here only given a hint of what I may f.1y more elfwhere.
A Third !ft!!ery then was , Whether the heterogemity of the 11mbimt
j!Hid lllay not be accounted a fecondary ctmfe of the r01mdnefl or gfob1t!ar
form of the greater bodies of the world,fuch as are thofe of the SHn,Star.r,
and Planets, the fobflance of each of which feen~s altogether heterogene·
DtH to the circ11m-ambient jlltid tetber? And of thts I fhall fay more in the
Obfervation of the Moon.
A Fourth was, Whether the gfob11/ar form of the fma!ler p11rce!.r of
matter here upon the Earth, as that of Fmit.r, Pebbles, or Flints, &c.
(which feem to have been a Liquor at firfi ) may not be caufed by the
heterogeneol/:1' ambient jlHid. For thus we fee that melted G/aft will be
naturally formed into a ro1md Figure; fo likewife any fmall Parcel of any
fl(tb!e body, if it be perfectly enclofed by the Air , will be driven into a
gfob1tlar Form; and,when cold, will be found a Jolid Ball. This is plainly
enough rn~nifefi~d to us by their w~y of making Jfbot with the drops of
Lead; ':"hich be.mg a very pret.ty .cur~ofity Jand known but to a very few,
and havtng the liberty of publtfhmg It granted me, by that Emi11mt Firtttofo Sir Robert Moray, who brought in this Account of it to the Ro)'al SJciety, I have here tranfcribed and inferred..

To make fmall fhot of different fizes ; Communicated by his
Highnefs P. R.
A~ Lead out of the Pig what quantity you pleafe, melt it down,

Tjiir and clear it with an iron Ladle , gathering together the

blackijh parts that fwim at top lilze fcum, and when you foe the colour ofthe clear Lead to hegreenijh,hut no fooner,flrew upon it Auripigmentum
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pigrnentum powdered according to the quantity of Lead, ahout ~
much as 1vill ~e upon a half Crown piece will [erve for eighteen or

twenty pound weight offome forts of Lead; otherswill require ·more, or
kfl. After the Auripigmentum is put in,flir the Leadwell, and the
Auripigmentum will flame: when the flame hover, takg out fome
of the Lead in a Ladle having a lip or notch in the brim for comJeni•
tnt pouring out of the Lead,and being well warmed amongft the melted
Lead, andwith a flick_mak_e fame jingle drops of Lead trickle out Of
the Ladle into n•ater in a Glafs , which if they fall to he round and
without tails, there i1 Auripigmentum enough put in, and the temper
ofthe heat M right., otherwife put in more. Then lay two hars of Iron
( or fome moreproper lron-~oJl made on purpofe) upon a Pail of wa-.
ter,andplace upon them a round Plate of Copper, ofthe .fi~ and figute
of an ordinary large Pewter or Silver Trencher, the hollow whereofis M
be ahout three inches over , the hottorn lower then the hrims ahout half
an inch, pierced n·ith thirty, forty, or more [mall holes; the fmaller the
holes are, the fmaller the Jbot n·illhe; and the hrim Mto he thic~r then
the hottorn,to conferve the heat the hetter.
The hottom of the Trencher being fame four inches diflant [rum the
water in the Pail,lay upon it fome burning Coles,to ~ep the Leadmelted upon it. Then with the hot Ladle ta~ Lead off the Pot where i*
flands melted, and pour it foft~ upon the burning Coles over the hottom
of the Trencher, and it willimmediately run through the holes into the
water in [mall round droPs. lhtt-5 pour on new Leadflill a1 fafl ~
it runs through the Trencher till all he done ; blowing now and then
the Coles with hand-Bellows, when the Lead in the Trencher cools fo cu
to flop from running.
Whilfl one pours on the Lead, another mufl, ·n;ith another Ladle,
thrufled four or five huhes under gater inthe Pail, catch from time
to time [orne af the Jbot,CP.J it drops down, to fee the fi~ of it, and whether
there he any faults in it. The greateft care M to k!ep the Lead upon
the Trencher in 1he right degree of beat ; y·it he too cool , it will not
run through the Trencher, though it fland meltedupon it ; andthh uto

be
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be helped b) blowing the Coals alittle , or pouring on new Lead that iJ
hotter: hut the cooler the Lead,the larger the Shot; and the hotter,the
fmaller; when it h too hot, the drops will crack.. and fly; then you
mufl flap pouring on new Lead,and let it cool; and fo long a1 you oh..
ferve the right temper of the heat, the Lead will conflant~ drop imo very
round Shot, without fo much 41 one with atail in many pounds.
When all is done, talze your Shot out ofthe Pail of water, and put it
in a Frying-pan 07Jer the fire to dry them , which muft be done wari~,
]till fhaking them that they melt not; andwhen thry are dry you may
feparatethe [mall frQm tbegreat, in Pearl Sives made of Copper or
Lattin let into one another, into a1 many fizts a1 you pleafe. But if
you would have your Shot larger then the Trencher mak!.s them , you
may do it with a Stick.., makJng them trickle out of the Ladle, a5 hath
been [aid.
If the Trencher be but toucht a very little when the Lead flops from
going through it, andbe not tao cool,it will drop again, but it h better
not to touch it at all. At the melting of the Leadtakt care that there
bt no kindof Oyl, Greafe, or the likt, upon the Pots, or Ladles,or Tren~
cher.
. The Chief caufe of this Globular Figure of the Shot, feems to be thl
Auripigmentum; for, as Joan as it is put in among the melted Lead,
it lofts its Jhining hrightnefs, contraaing inflantly a gray~(h fibn or
skin upon it, when you [cum it to makg it clean with the Ladle. StJ
that when the Air comes at the falling drop of the melted Lead, that
skin conflrifts them every where equalry : hut upon what account, and
~hether this be the true caufe, is left to further difquijition,
Much after this fame manner, when the Air is exceeding cold through
which it paffesJ do we find the drops of Rain) £llling from the Clouds,
congealed into round Hail-flones by the freezing Ambient.
To which may be added this other known Experiment, That if you
gently let fait a drop of water upon fmall fond or dujl:) you ilia II find: as it
were, an artificial round Jlone quickly generated. I cannot upon this.oc•
calion omit the mentioning of the fhange kind of Grai1z, which I have
obferve4 in a flone brought from Kettering in Northalltptonjhire,and therefore called by Mafons Kettering-Stone, of which fee the Defcription.

Which
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Which brings into my mind what I long fince obferved in the fiery Sparks
that :;rre {huck out of a Steel. For having a great ddire to fee what was
left behind, after the Spark was gone out, I purpofely Hruck fire over a
very white piece of Paper, nnd obferving diligeutly where fome confpicuous fparks went out , I found a very little black fpot no bigger then
the point of a Pin, which through a lllicrofcope appeared to be a perfectly round B:all, looking much like a p_olifht ball of Steel, infomuch that
I was able to fee the Image of the wmdow reflected fi·orn it. I canhot
here flay ( h:wing done it more fully in another place) to examine the
particular Rea{ons of it, but fhall only hint, that I imagine it to be fome
fmall parcel of the Steel, which by the violence of the motion of the
fl:roke ( mofi of which feems to be imprefr upon thofe fm:11l parcels ) is
made fo glowing hot, that 1t is melted into a Vitrum, which by the ambi·
ent Air is thrufi: into the form of a Ball.
A Fifth thing which I thought worth Examination was, Whether tl~e
motion of all kind of Spring~, might not be reduced to the Principle
whereby the included heterogeneous fl~ticl feeriis to be moved ; or to that.
whereby two Solids, as Marbles, or the like, are thrufi: and kept together
by the ambient ji1tid.
A Sixth thing was,Whether the Rifing and Ebullition of the Water out
of Springs and Fountains (which lie much higher from the Center of the
Ea~ then the Superficies of the Sea, fi·om whence it feems to be derived)
may not be explicated by the rifing of Water in a fmaller Pipe: For the
Sea-water being firained through the Pores or Crannies of the Earth, is;
as it were, included in little Pi pes, where the prefii.1re of the Air has not
fo great a power ro refifi: its rifing: But examining this way, and finding.
in it feveral difficulties almofr irremovable, I thought upen a way that_
would much more naturally and conceivably ex~lain it, which was by
this following Experiment: I took a Glafs-Tube, of the form of that
defcribed in the fixth Figure, and chnlmg two heterogcneo~ts jt1tids, fuch
as Water ~md Oyl, I poured in as much Water as filled up the Pipes as
high as A B, then putting in fome Oyl into the Tube A C, I deprdt the
fuperficies A of the Water to E, and B I railed to G, which was not fo
high perpendicularly as the fuperficies of the Oyl F, by the !pace F J,.
wherefore the prororticn of the gravity of thefe two Liquors was as
GH toF E.
This Experiment I tried with fe,reral other Liguors, and particularly
with freih Water and Salt (which I made by diflolving Salt in warm
Water) which two though they are norhjng heterogeneous, yet before
they would perfectly mix one with another, I made trial of the Experi.;
ment: Nay, letting the Tube wherein I tried the Experiment remain for
many dayes, I obferved them not to mix ; but the fuperficies of the freill
was rather more then leis elevated above that of the Sa.lt. Now the
proportion of the grav"ity of Sea-water, to that ofR.iver-water, according to Stevimu and Varenhu , and as I have fince found pretty true by
making trial my k;lf, is as 46. to 4 5. that is, 46. Ounees of the fait Wa.F
ter

M Ic R0

GRApH I A.

ter will take up no more room then 45· of the frefh. Or reciprocally
4-5 pints of fait-water weigh as much as 46 of fi·dh.
But I found theproportionofBrine tofrefh Water to be neat 13 to 12:
Suppofmg therefore G H M to reprefent the Sea, and F I the height of
the Mountain above the Superficies of the Sea, F M a Cavern in the
Earth, beginning at the bottom of the Sea, and terminated at the top of
the Mountain, L M the Sand at the bottom, through which the Water
is as it were firained, fo as that the frefher parts are only permitted to
tranfude.,and the faline kept back ; if therefore the proportion of G M
to F M be as 45 to46, then may the Cylinder of Salt-water G M make
the Cylinder of Frefh-water to rife as high as E, and to run over at N.
I cannot here fiand to examine or confut(; their Opinion , who make the
depth of the Sea, below its Superficies , to be no more perpendicularly
meafured then the height of the Mountains above it: 'Tis enough for
me to fay, there is no one of thofe that have afierted it, have exferimen~
tally known the perpendicular of either; nor fhall I here determme,whether there may not be many other caufes of the feparation of the frefb
water from the fait , as perhaps fome parts of the Earth through which it
is to pafs , may contain a Salt, that mixing and uniting with the Sea-fait,
may precipitate it ; much after the fame manner as the .A/k._alizate and
.Acid Salts mix and precipitate each other in the preparation of Tartanm YitriolatHm. I know not alfo whether the exceeding cold (that
mufi necdfarily be) at the bottom of the Water, may not help towards
this feparation, for we find, that warm Water is able to difiolve and
contain more Salt, then the fame cold; infomuch that Brines frrongly
imrregnated by heat, if let cool, do fuffer much of their Salt to fubfide
and cryll:allize about the bottom and fides. I know not alfo whether
the exceeding prelii1re of the parts of the Water one againfi another,
rna y not keep the Salt from defcending to the very bottom , as finding
little or no room to infert it [elf between thofe parts , protruded fo violently together , or el1e fqueeze it upwads into the fuperiour parts of the
Sea, where it may more eafily obtain room for it telf, amongll: the parts
of the Water, by reafon that there is more heat and lefsprefiure. To
this Opinion I was fomewhat the more induced by the relations I have
met with in Geographical Writers, of drawing fre{b Water from the bottom of the Sea , which is fait above. I cannot now ll:and to examine,
whether this natural perpetual motion may not artificially be imitated :
Nor can I ll:and to anfwer the ObjeCtions which may be made againfi this
my Suppofition: As, Firfi, How it comes to pafs,that there are fometimes
fait Springs much higher then the Superficies of the Water? And, Se•
condly>Why Springs do not run f.1fier and flower, according to the varying height made of the Cylinder of Sea-water, by the ebbing aodflow·
ing of the Sea ?
As to the Firfi, In fhort) I fay, the frdh Water may receive again. a,
faline Tincture near the Superficies of the Earth , by paffing through
fame fait Mines, or eHe many of the fa line parts of the Sea rna y be kept
back, though not all.
And
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And as to the Second, The fame sprin,f!, may be fed and fupplyed by
divers Caverns) corning from very far difiant parts of the sea, fo as that
it may in one place be high_, in a,n other lo'l!' water; and fo by that means
the sprin$ may be equally iupply d at all times. ~r elfe the Cdvern may
be fo firatght and narrow, that the water not havmg fo ready and free
pafiage through it, cannot upon fo iliort and quick mutations of preffure,
be able to pr~duce any fenfible effect at fuch a difiance.. Befid es that,
to confirm t~Is hypothejis, there are ma~y Examples found m :Vatltral 'Hijlo•
rians,of sprmgs that do ebb and flow hke the Sea : As particularly thofe
recorded by the Learned Camden, and after him by speed, to be fo~nd in
this ljland: One of which,they relate to be on the Top of a Mountain
by the fmall Vi~lage Kil~n in Flintjbire : Mark te111'!1m.qui .fta.~k tempo~
ribm forH evomtt 0'" reforbet AqutH ; Whtch at certam times nfeth and
falleth after the manner of the Sea. A Second in Cacrmardenfbire;
near Caermarden, at a place called Cantred Bichan; ff!.!!i ( ut fcribit Gi•
raldm) naturali die bk undk defi"ciens, & toties exuberans , marintH
imitlltur inftttbilitates ; That twice in four and twenty hours ebbing and
flowing, refembleth the unfiable motions of the Sea, The Phcenlmena
of which two may be eafily made out, by fuppofing the Cavtrn, by which
they are fed, to arife from the bottcm of the next Sea. A Third, is a
Well upon the RiverOgmore inG/amorganfbire, and near unto Newton, of
which Camden relates himfelf to be certified,by a Letter from a Learned
Friend of his that obferved it, Fons abe.ft hinc, &c. The Letteris a little
too long to be inferted,but the fubfrance is this ; That this Well ebbs and
flows quite contrary to the flowing and ebbing of the Sea in thofe parts :
for 'tis almofr empty at Full Sea, but full at Low w~ter. This may hap•
pen from the Channel by which it is fupplied , which may come from the
bottom of a Sea very remote from thofe parts , and where the Tides are
much differing from thofe of the :1pproximate ihores. A Fourth,liesin
Wejlmorland, near the River Loder ; ~i infl61r Euripi fopim in die reci•
procantibm undk Jluit & rejluit, which ebbs and flows many times a day,
This may proceed from its being fupplyed from many Channels, coming
from feveral parts ofthe Sea, lying fufficiently difiant afunder to have the:
times of High-water differing enough one from tee other ; fo as that
whenfoever it !hall be High water over any of thofe places, where thefe
Channels begin, it ilialllikewife be fo in the Well; but this is but a fuppo..
fition.
A Seventh ~ery was, Whether the dijfolution or mixing of feveral bo-o
dies, whether huid or folid,with faline or other Liquors,might not partly
be attributed to this Principle of the congruity of thofe bodies and their
difiolvents? As of Salt in Water,Metals in feveral MenjirHums, Untl:uous
Gums in Oy ls, the mixing of Wine and Water, &c. And whether precipitation be not partly made from the fame Principle of Incot;Jgruity ? I
f.'ly partly, becauie there are in fome DiHolutions,fome other Cau[~s concurrent.
I !hall Iafily make a much n:ore feemingly frraQge and unlikely !lf!ery ~
and that is, Whether this Piinciple, well examined and ex.plained, may
F 2
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not be found a co-efficient in the moft confiderable Operation! of Nature? As in thofe of .Heat,and Light,and confequently:of Rarefa{/itm and
condenfotion .Hardncfs and Fluidnefs, Per.Jjicuity and Opactm.foefs,Rifrttlltonr and Colo;rr, &c. Nay,I know not wheth~r there may be many things
done in Nature in which this may not (be fa1d to) have a Finger? This
I have ip fome ~ther paifages of this T reatife further enquired into and
.f.bewn, that as well Light as Heat may be caufed by .corr'!fion,which is applicable to congruilj,and confequ~ntly all th~ reft will be butfobfoq_umtr:
In the mean time I would not wtllmgly be gmlty of that Error,whtch the
thrice Noble and Learned Peru/ant jufily takes notice of, as fuch,and calls
Philofophite Gen111 Empiriatm , quod i~ paucorum Experimentorum A11g11.ftHs
& obfcuritate fundat-Hm efl. For I neither conclude from oue fmgle Experiment nor are the Experiments I make ufe o~all madeuponone Subjeft:
Norw;efl: I any Experiment to make it q11adrare with any preconceiv'd
Notion. But on the contrary, I endeavour to be converfant in divers
kinds of Experiments, and all and every one of thofe Trial!, I make the
Standards or Touchfl:ones, by which I try all my former Notions, whether
they hold out in weight, and meafure,and touch, &c. For as that Body i!
no other then a Counterfeit Gold, which wants any one of the Ptoprieties of Gold, ( fuch as are the Malleablenefs, Weight, Colour, FixtneG
in the Fire,Indiffolublenefs in Aqua fortir,and the like ) though it has afi
the other ; fo will all thofe Notions be found to be falfe and. deceitful,
that will not undergo all the Trials and Tefl:s made of them by Experiments. And therefore fuch as will not come up to the defired Apex of
Perfetl:ion, I rather wholly reject and take new, then by piecing and
patching,endea vour to retain the old ,as knowing fuch things at beft to be
but lame and imperfefr. And this courfe I learned from Nature; whom
we find negleftful of the old Body, and fuffering its Decaies and Infirmities to remain without repair , and altogether follicitous and careful of
perpetuating the species by new Individ11als. And it is certainly the mofi
likely way to erefr a glorious Structure and Temple to Nat11re, fuch asfbe
will be found ( by any •z,ealoHr Pctarj) to refide in ; to begin to build a
new upon a fure Foundati0n of Experiments.
But to digrefs no further from the confideration of the Pht£nome~ttt,
more immediately explicable by this Experiment, we lhall proceed to
ihew, That, as to the rifing of Water in a Filtre, the reafon of it will be
manifefi to him, that does take notice,that a Filtre is confl:ituted ofa great
number of fmalllong folid bodies, which lie fo clofe together, that the
Air in its getting in between them, doth lofe of its prefiure that it has againft the Fluid without them) by which means the Water or Liquor not
finding fo fl:rong a refiftance between them as is able to counter-ballance
the preffure on its fuperficies without, is raifed upward, till it meet with a
preffure of the Air which is able to hinder it. And as to the Rifing of
0y1~ melted Tallow, .Spirit of Wine; &c. in the vVeek of Candl~or
Larnr, it is evident, that it differs in nothing from the former, fave only
in this, that in a Filtre the Liquor defcends and runs away by another
part ; and in the Week the Liquori difperfed and carried away by the
Flame;
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Flame ; wmet?ing the~~ is afcribable to the Heat , for that it may rarifie
the more vol~ttl and fptrttuous fart~ of thofe cornbufrible Liquors, and fo
being made hghter then the A1r , ft may be protruded upwards by that
more ponderous fluid body in the Form of Vapours; but this can be
afcribed to tht: afcention ofbut a very little,and moft likely of that on;
ly which afcends without the Week .. As for the Ri~mg of it in a ~punge,
Bread,Cotton:&c. above--the fuperfictes 0f the fubpcent Liquor; what
has beeh faid a~out the Filtre C: if c~nfidered) wi.ll eaftly fuggefr a
reafon , confidenng that aU thefe bodies abound wuh fm'all holes or
pores.
From this fame Prin.ciple alfo (viz. the 1mequal prejfore of the .Air a;.
gttinft the unequal foperftcics of the water ) proceeds the caufe of the ac./,
cefiion or incudion of any floating body ag::tinfr the fides of the con..
taining Ve(ld, or the appropinq1tation of two floating bodies, as Bu6blet
Cork!, Stick.!, Straws, &c. one towards another. As for infrance, Take
a Glafs-jar, fuch as A B in the feventh Fig1trt!', and filling it rretty near th~
tup with water , throw into it a fmall round piec~ of Cork, as C, and
plunge it all over i? water , that ~t be wet , fo as that the water may rife
up by the fides of It,then placing tt any where upon the fuperficies, about
an inch,or one inch and a quarter fi-om any fide, and you fhall perceive it
by degrees to make .pcrpwdiot!arly toward the nearefr part of the fide,
and the nearer it approaches, the fafrer to be moved; the reafon of
which Ph£nomenon will be found no other then this, that the Air has a
greater prdlure againfi the middle of the jitperficies, then it has againil:
thofe parts that approach nearer, and are coutiguotl-1 to the fides. Now
that the preilure is greater, may ( as I {hewed before in the explication
of the third Figure) be evinced from the flatting of the water in the
middle, which arifes from the gravity of the under JfHid: for fince, as t
ihewed before ,if there were no gr:wity in the under fluid, or that it were
equal to that of the upper , the terminating Surface would be spherical,
~n~ fine~ it is the additional pre_fiure of the gr~vity of water that makes
It fo tbt,lt follows, that the preOure upon the rntddle mufl: be greater then
towards the fides. Hence the Ball having a fironger pre.ffure againft that
fide of it which refpeds the middle of the Jitperficies, then againfi that
which refpeCts the approxima,te fide , mufi necefiarily move towards that
part, from whence it finds leafr refifrance, and fo be accelerated, as the re..;
1ifiance decreafes-. Hence the more the water is raifed under that part
of its way it is palling above the middle~ the fafrer it is moved : And
therefore you will find it to move £1fl:er in E then in D, and in D th~n
in C. Neither could I find the floating fubfrance to be moved at all, until it were placed upon fome part of the SHperji(:ieJ that was fenhbly elevated above the height of the middle part. Now that this may be the
true caufe, you may try with a blown Bladder, and an exaCtly round Ball
upon a very fmooth fide of fome pliable body , as Horn or fi2!!Jckfilver.
Fot if the Ball be placed under a part of the Bladder which is upon one
fide of the middle of its preffure ~ and you prefs firongly againfi the
Bladder,you fhall find the Ball moved from the middle towards the fide ~
Having
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Having therefore !hewn the reafon of the motion of any float toward~
the fides, the reafon of the incurfion of any two floating bodies will eaft.
ly appear: For the rifing of the water againfi the fides of either of
them,is an Argument fufficient,to fbew the prdfure of the Air to be there
Iefs,then it is further from it·,where it is not fo much elevated ; and therefore the reafon of the motion of the other toward it, will be the fume as
towards the fide of the Glafs ; only here from the P.tme reafon, they are
mutually moved toward each other, whereas the fide of the Glafs in the
former remains fixt. If alfo you gently fill the Jar fo full with watert
that the water is prolttberant above the fides, the fame piece of Cork that
before did hafien towards the fides, does now fly from it as fafi towards
the middle of the Superficies; the reafon of which will be found no other then this, that the pre!fure of the Air is frronger againfl: the fides of
the Superficies G and H, then againfi the middle I ; for fince, as I fbewed
before, the Principle of congruity would make the terminating Surface
Spherical , and that the flatring of the Surface in the middle is from the
abatement of the waters pre!fure outwards, by the contrary indeavour
of its gravity ; it follows that the pre!fure in the middle mufl: be Ids then
on the f1des; and therefore the confecution will be the fame as in the
former. It is very odd to one that confiders not the reafon of it , to fee
two floating bodies of wood to approach each other,as though they were
indued with fome magnetical vigour ; which brings into my mind what I
formerly tried with a piece of Cork orfuch like body, which I fo ordered, that by putting a little fiick into the fame water, one part of the faid
Cork would approach and make toward the ftick, whereas another
would difcede and fly away,nay it would have a kind of verticity, fo as
that if the /.Equator (as I may fo fpeak) cf the Cork were placed towards the frick, if let alone, it would infiantly turn its appropriate Pole
toward it,and then run a-tilt at it:and this was done only by taking a dry
Cork, and wetting one fide of it with one fmall firoak ; for by this means
gently putting it upon the water, it would deprefs the fuperfides on every fide of it that was dry, and therefore the greatefr pre!fure of the Air,
being near thofe fides.caufed it either to chafe away,or elfe to fly ofifrom
any other floating body, whereas that fide only, againfr which the water
afcended, was thereby able to attraCt.
It remains only, that I fbould determine how high the Water or other
· Liquor may by this means be raifed in a fmaller Pipe above the Superfi~
cies of that without it , and at what height it may be fufiained: But to
determine this, will be exceeding difficult, unlefs I could certainly know
how much of the Airs prefiiue is taken off by the fmalnefs of fuch and
fuch a Pipe,and whether it may be wholly taken off,that is,whether there
can be a hole or pore fo fmall, into which Air could not at all enter,
though water might with its whole force; for were there fuch , 'tis manifefi, that the water might rife in it to fome five or hx and thirty Englilh
Foot high. I know not whether the capillary Pipes in the bodies of fmall
Trees, which we call their IUicrofcopical pores,may not be fuch; and whether the congruity of the fides of the Pore may not yet draw the juyce
even

MI c R 0

G R A p H 1 A.

even higher then the Air was able by its bare prdlitre to raife it : For
Congruity is a principle that not only unites and holds a body joyned ~
it, but, which i~more, ~ltt~acrs and draws a body that is verynearit,and
holds it above Its ufual height.
And this is obvipus even in a drop of water fufpended under any Si..
milar ?r Con_g~uous bod¥: For,befide~ the ambient p;effure that helps to
keep It fufiem d, there ts the Congruny of the bodtes that are contigu•
ous. This is yet more evident in Tenacious and Glutinous bodies 5 fuch
as Gummous Liquors, Syrups, Pitch, and Rofm melted, &c. Tar, Tur•
pentine, Balfom, Bird-lime, &c. for there it is evident, that the Parts
of the tenacious body, as I may fo call it, do Hick and adhere fo clof~..
ly together, that though drawn out into long and very flenderCylin•
ders, yet they will not eafily relinquiih one another; and this, though
the bodies he aliquatemu fluid, and in motion by one another; which,
to fuch as confider a fluid body only as its parts are in a confufed irregular motion, without taking in alfo the congruity of the paxts one among
another, and incongruity to fome other bodies, does appear not alittle
firange. So that befides the incongruity of the ambient fluid to it, we
are to confider alfo the congruity of the parts of the contein' d fluid one
with another.
And this Congruity (that I may here alittlefurtherexplainit)is both
a Tenaceous and an Attractive power ; fur the Congruity, in the Vi•
brative motions,may be the caufe of all kind of attraction, not only Ele..
ctrical, but Magnetical alfo, and therefore it may be alfo of Tenacity
and G lutinoufnefs. For, from a perfect congruity of the motions of two
difl:ant bodies, the intermediate fluid panicles are feparated and droven away from between them, and thereby thofe congruous bodies are,
by the incompaffing mediums, compell' d and forced neerer together;
wherefore that attra&ivenefs mufi: needs be fi:ronger, when, by an im•
mediate contafr, they are fore' d to be exaCtly the fame: As I iliew more .
at large in my Theory of the Magnet. And this hints to me the reafon of
the fufpenfion of the Merc11ry many inches, nay many feet, above the ufual fiation of 30 inches. For the parts of .f!.!!_ick.::_(ilver, being fo very
fimilar and congruous to each other, if once united, will not eafily fuffer
a divulfion: And the parts of water, that were any wayes heterogeneo114',
being by exantlation or rarefaction exhaufi:ed~ the remaining parts being
alfo very fimilar, will not eafily part neither. And the paxts of the Glafs
being folid, are more difficultly disjoyn'd; and the water, being fome ...
what fimilar to both, is) as it were, a medium to unite both the Glafl and
the Mercury together. So that all three being united, and not very dif..
fimilar, by means of this contact, if care be taken that the Tube in e-recting be not !hogged, the ~ic'<filver will remain fufpended, notwith•
fianding its contrary indeavour of Gravity, a great height above its or·
dinary Station; but if this immediate Contact be removed, either by a
meer feparation of them one from another by the force of a iliog, where-by the other becomes imbodied between them , and licks up from the
furface fome agil parts , and fo hurling them makelJ them air ; or elfe
by
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byforne fmall hetero~eneous agil part of ~he :Wate~, or Air, or Q!tickfilver~ which appears like a bubble, and by Its JUmblmg to and fro there is
made way for the heterogeneo11s ./Ether to obtrude it felf between the
Glafs and either of the other Fluids, the Gravity of MercurJ precipitates
it downward with very great violence ; and if the Veifel that holds the
refragnating Mercury be convenient, the Merc11r} wil! for a time vibrate to
and fro with very large reciprocations, and at lafi: will remain kept up by
the prefiure of the external Air at the height of neer thirty inches. And
whereas it may be objected, that it cannot be, that the meer imbodying
of the ../Ether between thefe bodies can be the caufe,Gnce the ..!Ether having a free paffage alwayes , both through the Pores of the Glafs, and
through thofe of the Fluids , there is no reafon why it lliould not make a
feparation at all times whilfi: it remains fufpended, as when it is violently
dif-joyned by a fhog. To this I anfwer, That though the ../Ether paffes
between the Particles, that is, through the Pores of bodies, fo as that any
chafine or feparation being made , it has infinite paffages to admit its entry into it, yet fuch is the tenacity or attraCtive virtue of Congruity, that
till it be overcome by the meer firength of Gravity, or by a fhog afiifting
that Conatus of Gravity, or by an agil Particle, that is Iike a Ieaver agitated by the ../Ether ; and thereby the parts of the congruous fubfi:ances
are feparated fo far afunder , that the firength of congruity is fo far weakened,as not to be able to reunite them, the parts to be taken hold ofbeing removed out of the attractive Sphere, as I may fo fpeak, of the congruity; fuch, I fay, is the tenacity of congruity, that it retains and holds
the a]mofi contiguous Particles of the Fluid , and fufl:ers them not to be
feparated, till by meer force that attractive or retentive faculty be overcome: But the feparation being once made beyond the Sphere of the
attractive alt:ivity of congruity, that virtue becomes of no effect at alJ
but the Mercury free Iy falls downwards till it meet with a refifiance fro~
· the preifure of the ambient Air, able to refill: its gravity, and keep it for.ced up in the Pipe to the height of about thirty inches.
Thus have I gently raifed a Steel pend11b1m by a Loadfione to a great
Angle,till by the fhaking of my hand I have chanced to make a fepara•
tion between them, which is no fooner made, but as if the Loadfi:one bad
retained no attraCtive virtue, the Pendulum moves fieel y from it towards
the other fide. So vall: a difference is there between the attractive vir·
tue of the Magnet when it acts upon a contiguous and upon a disjoyned
body: and much more mufi there be between the attralt:ive virtues of
congruity upon a contiguous and disjoyned bcdy ; and in truth the attractive virtue is fo little upon a body disjoyned: that though I have with a
· Microfcope obferved very diligently, whether there were any extraordinary protuberance on the fide of a drop of water that was exceeding neer
to the end of a green fiick, but did not touch it) I could not perceive the
leafr; though I found, that as foon as ever it toucht it the whule drop
would prefently unite it felf with it; fo that it feems an abfolute con·
tafr is requifite to the exercifing of the tenacious faculty of congruit)'·
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Offome Ph~nomena of Glafs drops.

a~e

Hefe Glafs Drops
fmallfparcels of coarfe g.reen. Glafs taken out of
T the
Pots that contam the Metal (as they call It) m fufion, upon the
end of an Iron l?ipe ; and being exceeding hot, and thereby of a kind of
fluggifh fluid Confillence, are fuffered to drop from thence into a Bucket
of cold Water, and in it to lye till they be grown fenfibly cold.
Some of thefe I broke in the open air, by fnapping off a little of the
fmall fret? with my fingers, others by cruihing it with a fmall pair of Plye~s; whtch ~ had no foo.ner d~me: then th~ whole bulk of,the drop flew
VIolently, wtth a very bnsk n01fe, mto multitudes uf fmall pteces, fome of
which were as fmall as dufi, though in fame there were remaining pieces
pretty large,wi~hout any flaw at all,and others very much flaw'd, which
by rubbing between ones fingers was eafily reduced to dufi; thefe difperfed every way fo violently , that fame of them pierced my skin. 1
could not find,either with my naked Eye,or a Microfcope, that any of the
broken pieces wen~ of a tegul~r figur~,nor any ~me like another~ but for
the mofi: part thofe that flaw d off m large pieces were prettily bra:n.:
ched.
The ends of others ofthefe drops I nipt off whilfr all the bodies and
ends of them lay buried under the water,which, like the former, flew all
to pieces with as brisk a noife, and as !hong a motion.
Others of th~fe I tried to break, by grinding away the blunt end, and
though I took afeeminglygood one; and had ground awayneer two
thirds of the Ball, yet would it not fly to pieces, but now c~nd then fame
fmall rings of it would fimp and fly off, not without a brisk noife and
quick motion,leaving the Surface of the drop whence it flew very prettily branched or creafed, which was eafily difcoverable by the Microfcope.
This drop,after I had thus ground it, without at all impairing the remnant
that was not ground away, I canfed to fly immediately all into fand upon
the nipping off the very tip of its ilender end,
Another of thefe drops I began to grind away at the fmaller end , but
had not worn away on the ftone above a quarter of an inch before the
whole drop flew with a brisk crack into fand or fmall dufi; nor would
it have held fo long , had there not been a little flaw in the piece that I
ground away, as I afterwardsfound.
Several others of thefe drops I covered over with a thin but very tuff
skin of IcthyocoUa, which being very tough and very tranfparent,was the
mofi convenient fubftance for thefe tryals that I could imagine, having
dipt,l fay, feveral of rhefe drops in this tranfparent Glue whilft hot, and
fuffering them to hang by a firing tied about the end of them till they
were cold, and the skin pretty tough; then wrapping all the body of the
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drop (leaving out only the very ttp ) m fine fupple Ktds-leather very
clofely,I nippe~ off the fmall top, and found, as I. expe~ed, that notwith·
franding this skm of Glue, and the clofe wrapp~ng up m Leather, upon
the breaking of the top, the drop gave a crack hke the refr, and gave my.
hand a pretty brisk impulfe: but yet the skin and leather was fo ll:rong as
to keep the parts from flying out of their forn:er pofl:ure; ~nd, the skin
being tranfparent, I found that the drop retamed exafrly us former fi.
gure and poliili, but was grown perfectly opacous and all overflaw'd, all
thofe flaws lying in the n;anner of rings, from the b?tt~m or b!unt end, to
the very top or fmall pomt. And by feveral exammauons With a Mic,..•
fcope, of feveral thus broken, I found the flaws, both within the body of
the drop, and on the outward furface, to lye much in this order.
Let A B in the Figure X of the fourth Scheme reprefent the drop cafed
over with IllhyocoUa or Tjnglafl,and (by being ordered as is before pre· ·
fcribed) crazed or flawed into pieces, but by the skin or cafe kept in its
former figure, and each of its flawed parts preferved exaftly in its due ·
pofl:ure ; the outward appearance of it fomewhat plainly to the naked
eye, but much more confpicuous if viewed with a fmall fenfs appeared
much after this iliape. That is, the blunt end B for a pretty breadth,
namely, as far as the Ring C C C feemed irregularly flawed with divers
clefts, which all feemed to tend towards the Center of it, being, as I af.
terwards found , and fball anon fhew in the defcription of the figure Y,
the Bafis, as it were, of a Cone, whieh was terminated a little above the
middle of the drop , all the refi of the Surface fi·om C C C to A was
flawed with an infinite number of fmall and parallel Rings, which as they
were for the mofl: part very round , fo were they very thick and clofc
together, but were not fo exactly flaw'd as to make a perfect Ring, but
each circular part was by irregular cracks flawed likewife into multitudes
of irregular flakes or tiles ; and this order was obferved likewife the
whole length of the neck,
Now though I could not fo exaCtly cut this conical Bod1 through the
.Axis, as is reprefented by the figure Y; yet by a11atomiz.ing, ai it were,
of feveral, and taking notice of divers particular circumfl:ances, I was informed, that could I have artificially divided a fbw'd drop through the
.Axis or Center, I fhould with a Micr'!fcope have found it to appear much
of this form, where A lignifies the Apex, and B the blunt end, C C the
Cone of the Bafis, which is terminated at T the top or end of it, which
feems to be the very middle of the blunt end, in which, not only the conical body of the Bafis C C is terminated, but as many of the parts of the
drop as reach as high as D D.
And it feemed to be the head or beginning of a Pith, as it were, or a
a part of the body which feemed more fpungy then the refi, ~nd much
more irregularly flawed, which fi·om T ~tfcended by E E, though Ids vifible, into the fmall neck towards A. The Grain, as it we~, of all rhe
flaws , that from all the outward Surface A DC CD A, \vas much the
fame, as is reprefented by the black {hokes that meet in the middle D T,
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Nor is this kind of Grain, as I may call it, peculiar to Glafs drops thus
C)Uenched; for (not to mention Coperm-flones, and divers other .JI;.far._
chajter and Minerals, which I have often taken notice of to be in the
very fame manner flaked or grained, with a kind of Pith in the middle)
I have obferved the {arne in all manner of caft Iron , eipecially the coar.fer fort, fuch as Stoves, and Furnaces, and Backs, and Pots are made of •.
For upon the breaking of any of thofe Subfiances it is obvious to obferve, how from the out-fides towards the middle, there is a kind of
Radiation or Grain much refembling this of the Glafs·drop; but this
Grain is mofi confp,icuous in Iron-bullets , if they be broken : the fame
Pht£nomena may be produced by cafiing regulus of Antimony into
a Bullet-mold, as alfo with Glafs of Antimony, or with almofi any fuch
kind of Vitrified fobflance, either cafi into a cold Mold or poured into
Water.
Others of thefe Drops I heat red hot in the fire,and then fuffered them
to cool by degrees. And thefe I found to have quite lofi all their J~tlmi•
nating or flying quality, as alfotheir hard, brittle and fpringy texture;
and to emerge of a much fo&er temper, and much eafier to be broken or
fnapt with ones finger;but its fhong and brittle quality was quite defiroy•
ed, and it feemed much of the fame confifience with other green Glafs
well nealed in the Oven.
- The Figure and bignefs of thefe for the mofi part was the fame with
that of the Figure Z; that is,all the furface of them was very fmooth and
polifht,and for the mofi part round , but very rugged or knobbed about
D, and all the length of the fiem was here and there pitted or flatted.
About D, which is at the upper part of the drop under that fide of the
fiem which is concave, there ufi..Jally was made fome one or more little
Hillocks or Prominences. The drop it felf, before it be broken, appears
very tranfparent, and towards the middle of it, to be very full of fmall
-Bubbles, of fome kind of aerial fubfiance, which by the refraction of the
outward furface appear much bigger then really they are; and this may
be in good part removed, by putting the drop under the furface of clear
Water, for by that means moft part of the refraCtion of the convex Surface of the drop is defiroyed, and the bubbles will appear much fmaller.
And this, by the by, minds me of the appearing magnitude of the aper•
ture of the iris, or pupil of the eye, which though it appear, and be there•
fore judged very large, is yet not above a quarter of the bignefs it ap•
pears of, by the lenticulttr refractio·n of the Cornea.
The caufe of all which Pht£nontena I imagine to be no other theh this;
That the Parts of the Glafs being by the exceffiV€ heat of the fire kept
off and feparated one from another, and thereby put into a kind of Huggifh fluid confifience, are fuffered to drop ofF with that heat or agitation
remaining in them, into cold Water; by which means the outfidesof the
drop are preiently cool'd and cnified, and are thereby made of a loofe
texture,becaufe the parts of it have not time to fettle themfelves leifurely
together , and fo to lie very clofe together : And the inttermofi parts of
the drop, retaining fiill much of their former heat and agitations, retnain
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of a Ioofetexture alfo,and,according as the cold firike9inw..rrds-fr6Mthe
bott{)m and fides, are quenched, as it were, and made rigid in that"~
pofiure wherein the cold finds them. For the parts of the cr".ft be~
already hardened , will not fuffer the pans to fhrink any more from the
outward Surface inward ; and though it lhrink a little by reafon of the
fmall parcels of fome Aerial fubfiances difperfed through the matter ~
the Gla1S, yet that is not neer fo much as it appears (as l jufi now hint..
ed ;) nor if it were,would it be fufficient for to confolidate and concfebk
th~ body of Glafs into a t~tff and clofe te:x:ture, after it had OOeft. k1 e~
ccffively rarified by the heat of the gJafs-Furnace.
But that there may be fuch an expanfion of the aerial fubframe cow.
tained in thofe little blebbs or bubbles in the body of the drop, tbisfo)..
lowing Experiment will make more evident.
Take a fmall GlatS-Cane about a foot long, feal up one end of it ber·
metically,then put in a very finall bubble of Glafs, almofr of theU!ape ~
anElfence-viol with the open month towards the fealed end~ theDdt~
ont the other end of the Pipe very fmall,and fill the whole Cylinder Wifti
water, then fet this Tube by the Fire till the Water begin to boyl, alid
the Air in the bubble be in good part rarified and driven out , then b1
fucking at the fmalling Pipe, more of the Air or vapours in the babbW
JOOY be tUck' d out, fo that it may fink to the bottom; when it is kmk to
he bottorn,in the flame of a Candle~or Lamp,nip up the fknder Pipe and
kt it cool: wheFetipon if is obvious to obferve, firft, rhat the WlftN by
degrees will fubfide and fhFink into much Ids room : Next, that the A'1l
or vapours in the Glafs will e:xpand themfdves fo, as to booy up the 1itfll&
G}afs : '!htr~Jy= that all about the infide o! rhe Glafs-pipe- there wil~a:,r
pe~ m mtitrite number offmall bubbles, whtch as the Water growsc~
and <!oidet will fwe11 bigger and bigger, and many of them bttoy' the\W-1
khes up ood break at the top.
From thisDifced1ng of the heat inGlatSdrops,that is, by rhe: qut~~
or cooling Irradiations propagated from the Surface upwards a'Rdl ~
wards; by the lines C T, C T, D ~' DE, &c. the bnbb.Je~ i&~M
have- room tO expand themfelves a Jude, and the parts ot the Oklfs c_.
tralt themfel ves; but this operation being too-quick for the iluggi(B pa¥15
ef the Olafs, the contratl:ion is performed very unequa:lly and itreg~•
and thereby the Particles of rhe Glafsal'e bentt) fomeone way, andfGRrl
another, yet fo as that moft of them draw towar<ls the Pith or middhf
TEE E, or rather from that! outward : fo thaf they cannot e~f1ildfe or
unbend themfelves, till fome part ofT E E E be broken and Ioofe~d,
fOr all the parts about that are placed in the· manner of an Arch,, am!l ft1
all their hold at T EEEbe loofened taey cammtfly afun~r,
hold, and fhelter, and fix each other mwh like the fione~ in ~ Vaulf,•
where each frone does concurre to the frability of the wbolle fab\r~
and no one fione can be taken away but the whole Arch fam.s.hnd.w~
foever anyof thofe radiating.wedgesDT D,&c. a:te remove.dl,. ~1:\~
are the component parts of this Arcb,the whole fabrick p!!d¢nd f~S:td
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_t)iece§; for all fh~Springsi9f the feveral partSl alfe fet at libe:t~ty, whic~
immediately extncate themtelve-s and fily aflllnd'ett every waty ; each pate
by its fpring co~trib~ting. to the 6arr~ng. ofit felf and fame 0rher c~ntigu~o
ons parr. But if thiS dFpp'be heat k> hot-a'S that the parts by' degrees can
unbend themielves, and &e·fettled and ar~ftealed in that pofiure ~ and be
then f~?re? g~ntly to fubftde and c~ot; The p~rts by' thi.s n~al1FJg. ~
fit.lg thetr ipnnginefs , conibtute a drop of a mordoft but lefs bl'Ittle r~
f~te,and theyatts being n~t at all undet ~ flexure, though. anJ }btu-t o! rhtJ
mlddle'ot Pnh TEE E be broken,yer willltnnt the dto~J at all ffy to•pteces
as before'.

.

This Conjefrure- of mihe I fball indeavour to make out by explain..
ing each particular Affetrion· with· m&/~o;,s It~p.erithents: The Afier~ion•
atetliefe.·
Firtt·, That the parts' <')[ the. Glafs, \vhilft in a fluid Confifience an
hot , are more rarified , or- take up ffioJle toom , rhen when hurd and.

cold.
Stcondly, That the parrs of the drop dot fuffer at twofold

Crion.

contra

·

Thirdly , That the dtopping or quettching the glow1ng metal in rhe
Water makes it! of a hard, fpringi'l'lg, and tarified textu're.
Fourthly , That there ffi a flexion or force remaining. upon ~heparts
of the Glafs thus quenched·,. [tom which they indeavour to extrica't!e
themfel ves.
Fifthly, That the Fabi'i~k of the drop; that is able to hinder the parts
from extricating themfel ves, is analogHS to that of an Arch.
Sixthly, That the fudden flying afunde:t of the _FotTtS pmteeds fi•ooi
t'lieir fpringine~.
.
.
.
Sevetlthl y, That a gradtla'l he acing and cooling does anneal or reduce
the p'\rt& of Glats to a te~rure that is more loofe, and eablter t0 be bro;.:
k~n, bt1t not iO bfi.ttle.
That the firft. ef thefe 1~- true may be gathered from this, That Hettt k
proper#y of a hod:J atijng fr~m the motion or agitatim of. its pdr~s ; ancl
therefOre whateVer borlly is thereby toucht r11uit neceffardy receive fomepart of that motion;whereby ks patts-will be fba.tl::en and agitated, and fiY
by d~gre<lS fret! .and t:Xtricate themtelves from one 3flother , and' ead.~
part fo moved do\!& by tl1at motion exert a: tfo1frtt1u of prottttding and dif..
placing all th~ ad ja·eent Parti_des. Thus Air, intlude&in'a ':e~l, by be-'
ing:-heared will bu;fr- it to pieces. Th\lls have I bwke a Bladdet· hel~
over the fire in tny nand; with fuch a Violenc:e a-nd n0ife ; tl!lat it almoft
made me deaf for the prefent,and much fm'paOedthe·nbi.fe of a Musketi
'the- like have I d.OF!e by throwif1g into the· fire fmctlf g.Ja·fs Bubbles her.:
ruetically fealed , with a little drop of Watet included in them. Thus
Water alfo,or any other Liquot,indude<:l in a: conven~ent vefid,by bein~
warmed , manifefHy exp3'llds.it fe1f witfl.a very great violence, fo asitd
hr~ak the ftr~geQ vdlel) ~f. whe9heated it· be Aatiiowly itnpFiibned i'n
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This is very manifefi by the fealedThermometers, which I have, by feve·

ral tryals, at l~fi brought to a great certainty a~d te~dernds : for ! have
made fome wtth fiems above four foot long , m whtc~ the expandmg Liquor would fo far vary,as to be very neer the very top m the heat of Sum.
mer, and prety neer the bottom. at the ~oldefi time of ~he Winter. The
Stems I ufe for them are very thtck,frratght,and even Ptpes of GlafS,with
a very fmall perforation, and both the head and body I have made on
purpofe at the Glafs·houfe, of the fame metal whereof the Pipes are
drawn: · thefe I can eafily in the flame of a Lamp, urged with the blafi of
a pair of Bellows, feal and clofe together, fo as to remain very firm, ciofe
and even; by this means I joyn on the body firfi,and then fill both it and
a part of the fiern, proportionate to the length of the fiem and the
warmth of the feafon I fill it in;;with the befi rectified Spirit of Wine high•
ly ting'd with the lovely colour of Cocheneel, which I deepen the more
by pouring fome drops of common spirit of Vrine, which rnufi not be
too well rectified, becaufe it will be apt to make the Liquor to curdle
and frick in the fmall perforation of the fiem. This Liquor I have upon
tryal found the mofi tender of any fpirituous Liquor,and thofe are much
more fenfibly affecred with the variations ofheat and cold then other more
fiegmatick and ponderous Liquors, and as capable of receiving a deep
tinerure, and keeping it,as any Liquor whatfoever; and ( which makc:s
it yet more acceptable ) is not fubjetl: to be frozen by any cold yet
known. When I have thus filled it,T can very eafi]y in.the forementioned flame of a Lamp feal and joyn on the head of it.
Then, for graduating the fiem, I fix that for the beginning of my divifion where the furface of the liquor in the fiem remains when the
hall is placed in common difiilled water, that is fo cold that it jufi begins
to freeze and ilioot into flakes; and that mark I fix at a convenient place
ofthe fiem, tomakeitcapableofexhibiting very many degrees ofcold,
below that which is requifite to freeze water: the refi of my divilions,
both above and below this (which I mark with a [ o] or nought) I place
according to the Degrees of Expan_(ion, or Ccntratlion of the Liquor in
proportion to the bulk it had when it indur'd the newly mention'd freezing cold. And this may be very ealily and accurately enough done by
this following way; Prepare a Cylindrical vefld of very thin plate BratS
{)r Silver, A B CD of the figure Z; the Diameter A B of whofe cavity
let be about two inches, and the depth B C the fame ; let each end be
cover'd with a flat and frnooth plate of the fame fubfiance, clofely foder'd
on, and in the midfi of the upper cover make a pretty large hole E F,
about the bignefs of a fifth part of the Diameter of the other ; into this
fafien very well with cement a firaight and even Cylindrical pipe ofGlafs;
E F G H, the Diameter of whofe cavity let be exactly one tenth of the
Diameter of the greater Cylinder. Let this pipe be mark'd at G H with
a Diamant, fo that G from E may be diftant jufi two inches, or the fame
height with that of the cavity of the greater Cylinder, then divide the
length E G exacrly into 10 parts, fo the capacity of the hollow of each
of thefe divifions will be 1 ~QQ part of theca pacity of the greater Cy lin·
der.

MI

c

R 0 G R A p Hi A.

cler. This veffel being thus prepared, the way of marking and graduating th~ Ther'!lom_'eters m~y very eafily th~s performed:
Fill thts Cylmdncal veffel wuh the fame ltquor wherewith the Therj,
mometer.r are fill'd, then place both it and the Thermometer you are td
gradu~te, in water that is ready to be frozen, and bring the furf.1ce of the
liqu~r in t~e Thermo'!'ete; to th~ firfi marke or [ o]; th~n fo p~oportoon
the liquor In the Cylmdncal veHel, that the furface of It may JUft be at
the lower end of the fmall glafs-Cylinder; then very gently and gradually warm the water in which both the Thermometer and this Cylindrical
vdfel fiand, and as you perceive the ting' d liquor to rife in both fiems;
with the point of a Diamond give feveral marks on the fiem of the Thermometer at thofe places, which by comparing the expanfion in botli
Stems, are found to correfpond to the divifions of the cylindrical veifel,
and having by this means marked fome few of thefe divifions on the ·
Stem , it will be vety eafie by thefe to mark all the refr of the Stem,
and accordingly to affign to every divifion a proper character.
A Thermometer, thus marked and prepared) will be the fittelt Inftrunient to make a Standard of heat and cold that can be imagined. For
being fealed up, it is not at all fubject to variation or wafiing, nor is it lia.J
ble to be changed by the varying preffure of the Air , which all other
kind of Thermometers that are open to the Air are liable tb. But to rro..
ceed.
This property of Expanfion with Heat, and Contraction with Cold, is
not peculiar to Liquors only, but to all kind of folid Bodies alfo, efpeci..
ally Metals, which will more manifefily appear by this Experiment.
Take the Barrel of a Stopcock ofBrafs, and let the Key, which is well
fitted to it,be riveted into it,fo that it may mp,and be eafily turned round,.
then heat this Cock in the fire, and you will find the Key fo fwollen, that
you will not be able to turn it round in the Barrel ; but if it be fuffered
to cool again, as foon as it is cold it will be as movable, and as ea{ie to be
turned as before.
This Qllality is alfo very obfervable in Ledd, Tin, silver, AntimOhJ,
Pitch,Rtftn,Bees-JPax,BHtter,and the like; all which,if after they be melted
you fufter gently to cool, JOU fhall find the parts of the upper Surface
to fubfide and fall inwards, 1ofing that plumpnefs and fmoothnefs it had
whilfr in fufion. The like I have alfo obferved in the cooling of Glaft
of Antimony: which does very neer approach the nature of Glafs,
But becaufe thefe are all Examples taken fi·om other materials then·
Glafs,and argue only, that pofiibly there may be the like property alfo in
Glafs, not that really there is; we fhall by three or four Experiments in·
deavour to manifefi that alfo.
And the Firft is an Obfervation that is very obvious even in thefe ve!y
drops,to wit,that they are all of them terminated with an unequal or Irregular Surface , efpecially about the fmaller part of the drop , and the
whole length of the fiem; as about D, and from thence to A, th~ whole
Surface, which wotild have been round if the drop had cool'd letfure_ly,
is, by being quenched hafiily, very irregularly flatted and pitted; whtch
I
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1fuppofe proceeds partly from the Waters unequally cooling and pref..
fmg the parts of the drop, and partly from the fclf:.comraecing or fubfiding quality of the fubfiance of the Glafs: For the vehemency of the
heat of the drop caufes fuch fi.1dden motions and bubbles in the cold Wa·
ter,that fome parts of the Water bear more forcibly againfi one part then
agctinfr another , and confequently do more fuddenly cool thofe parts to
which they are contiguous.
A Second Argument may be drawn from the Experiment of cutting
Glaffes with a hot Iron. For in that Experiment the top of the Iron
heats, and thereby rarifies the parts of the Glafs that lie juit before the
crack, whence each of thofe agitated parts indeavouring to expand its
felf and get elbow-room, thrufrs off all the rell: of the contiguous pans,
and confequently promotes the crack that was before begun.
A Third Argument may be drawn from the way of producing a crack
in a found piece or plate of Glafs, which is done two wayes, either Firfr,
by fuddenly heating a piece of Glafs in one place more then in another.
, And by this means chjmi.fts ufually cut off the necks of Glafs-bodies,
by two kinds of Infiruments, either by a glowing hot round Iron-Rin~11
which jufi incompafies the place that is to be cut, or elfe by a sulphur d
Threed,which is often wound about the place where the feparation is to
be made,and then fired. Or Secondly;A Glafs may be cracked by cooling
it fuddenly in any place with Water, or the like, after it has been allletfurely and gradually heated very hot. Both which Phtenontena feem manifefily to proceed from the expanjion and contraCtion of the parts of
the Glafs, which is alfo made more probable by this circumfiance which
I have obferved , that a piece of common window-glafs being heated in
the middle very fuddenly with a live Coal or hot Iron,does ufually at the
firft crack fall into pieces,whereas if the Plate has been gradually heated
very hot , and a drop of cold Water and the like be put on the middle of it, it only flaws it, but dues not break it afunder immedi·
ately.
A Fourth Argument may be drawn from this Experiment; Take a
GJafs-pipe, and fit into it a folid frick of Glafs, fo as it will but jufr be moved in it. Then by degrt:es heat them whilfi they are one within amr
ther,and they will grow frifier, but when they are again cold,they will be
as eafie to be turned as before. This Expanfion of Glafs is more mani·
f~ft in this Experiment.
Take a frick of Glafs of a confiderable length,and fit it fo between the
two ends or fcrews of a Lath,that it may but juft eafil y turn,and that the
very ends of it may be juft toucht and fufieined thereby; then applying
the flame of the Candle to the middle of it, and heating it hot, you will
prefently find the GlafS to fiick very fafi on thofe points, and not without
much difficulty to be convertible on them, before that by removing the
flame for a while from it} it be fuffered to cool, and then you will find it
as eafie to he turned round as at the firfr.
From all which Experiments it is very evident, that all thofe Bodies,
and panicularly Glafs~ fuffers an Exp311fion by Heat, and that a very confiderable
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liderahle one, whilfi they are in a fiate ofFufion. For F htidilj',as I elfewhere
mention, being nothing but an ejfeCJ of a very flrong andquic/zjhah.jng motion,
whereby the parts are,as it were,loofmed frolit each other,ancl conjeqHmtly leave
lln interjacentjjace or vacuity; it follows, that all thofe fhaken Particles mull:
neceif.1rily take up much more room then when they were at refr, and lay
quietly upon each other. And this is further confirmed by a Pot of boy/ing
Alabafler, which will manifefHy rife a fixth or eighth part higher in the Pot,
whilfi: it is boy ling, then it will remain at, both before and after it be boyled.The reafon of which odd Phamomenon (to hint it here only by the way)
is this, that there i~ in the curious powder of Alabafi:er, and other calcining
Stones, a certain watery fubfiance, which is fo fixt and included with the
folid Particles, that till the heat be very confiderable they will not fly away;
but after the heat is increafed to fuch a degree, they break out every way
in vapours, and thereby fo fhake and loofen the fmall corpuiles ofthe Powder from each other, thatthey become perfectly of the nature of a fluid bo- ··
dy, and one may move a fiick to •md fro through it, and fiir it as eaGly as
water, and the vapours burfi: and break out in bubbles jufi as in boyling
water,and the like; whereas, both before thofe watery parts are flying
away, and after they are quite gone ; that is, before and atter it have done
boy ling,all thofe eftetts ceafe, and a fiick is as difficultly moved to and fro in it as in fand~ or the like. Which Explication I could eafily prove~ had l
time; but this is not a fit place for it.
To proceed therefore,! fay,that the dropping of this expanded Body into cold Water, does make the parts of tht Glafs fuffer a double contraCtion:
The firfi is, of thofe parts which are neer the Surface of the Drop. For Cold,
as I faid before,contraccing Bodies, that is,by the abatement of the agitating facility the partJ' falling neerer together; the parts next ad joying to the Water
mufi: needs lofe much of their motion , and impart it to the Ambient-water
(which the Ebullition and commotion of it manifefis) and thereby become
a folid and hard crufi:, whilfi the innermofi parts remain yet fluid and expanded; whence,as they grow cold alfo by degrees,their parts mufi: neceifa~
rily be left at liberty to be condenfed , but becaufe of the hardnefs of the
outward crufr,the contraCtion cannot be admitted that way;but there being
many very fmall, and before inconfpicuous, bubbles in the fubfi:ance of the
Glafs,upon the fubfiding of the parts of the Glafs,the agil fubfl:ance contain. ed in them has liberty of expanding it felf a little,and thereby thofe bubbles
grow much bigger,which is the fecond ContraCtion. And both thefe are confirmed from the appearance of the Drop it felf: for as fur the outward parts,
we fee,firfi,that it is irregular and fhrunk, as it were, which is caufed by the
yielding a little of the hardened Skin to a Contraccion, after the very outmofi Surface is fettled ; and as for the internal parts, one may with ones
naked Eye perceive abundance of very confpicuous bubbles, and wjth the
!Wicrofcopi many more.
The Confideration of which Particulars will eafily make the Third Politi..
on probable,that is, that the parts of the drop will be of a very hard, though
of a rarified Texture ; for ifthe outward parts of the Drop, by reafon of its
hard crufr~ will indure very little Contraction) and the agil Particles, iocluH
d ed
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ded in thofe bubbles, by the lofing of their agitation, by thedecreafe of the
Heat lofe alfo moil: part of their Spring and Expanfive power;it foJlows (the
withdrawing ofthe heat being very fudden) that the parts mufi be left in a
very loofe Texture, and by reafon of the implication of the parts one about
another,which from their fluggilhnes and glutinoufnefs I fuppofe to be much
after the manner of the fiicks in a Thorn-bufh,or a Lock of W ool;It will fol·
low, I fay, that the parts will hold each other very firongly together,and indeavour to draw each other neerer together, and confequently their Tex•
ture mufi: be very hard and fiiff, but very much rarified.
And this will make probable my next Pofition, That the partJ' if the G/afi
ttre under a k.jnd oftenjion or ftexure,out ofwhich they indeavour to extricate antl
free themfelvu,and thereby all the parts draw towards the Center or middle
and would, if the outward parts would give way, as they do when the out=
ward parts coolleifurely (as in baking of G lafks) contract: the bulk of the
drop into a much Ids compafs. For fince:as I proved before,the Internal parts
of the drop, when fluid, were of a very rarified Texture:and,as it were,tos'd
open like a Lock of Wool.:;and if they were fuffered Ieift1rely to cool, would
be again preft, as it were,clofe together: And fince that the heat,which kept
them bended and open, is removed , and yet the parts not fuffered to get as
neer together as they naturally would; It follows, that the Particles remain
under a kind of tenjon and flexure , and confequently have an indeavour to
free themfelves from that bending and difle~fion, which they do, as foon as
~ither the tip be broken, or as foon as by a leifurely heating and cooling~
the patt! are nealed into another pofiure.
And this will make my next Pofition probable,that the part.r oftheG/afl drops
are contignated together in the fonJJ. of an Arch,and cannot any where yield or
be drawn inwards,till by the removing of fome one part ofit(as it happens in
the removing one ofthe fiones of an Arch)the whole Fabrick is fbatter'd,and
falls to pieces,and each of the Springs is left at liberty,fuddenly to extric, te it
felf: for fine~ I have made it probable,that the internal parts ofthe Glafs have
a contratt:ive power inwards, and the external parts are incapable of fuch a
Contrafrion,and the figure of it being ipherical;it follows, that the fuperficial
parts mufi bear againfi each other, and keep one another from being condens'd into a lefs room, in the fame manner as the fiones of an Arch conduce
to the upholding each other in that Figure. And thi~ is made more probable
by another Experiment which was communicated to me by an exc€llent Perfon, whofe extraordinary Abilities in all kind ofKnowledg, efpecially in that
ofNatural things,and his generous Difpofition in commnnicat!ng,incouraged
me to have recourfe to htm on many occafions. The Experiment was this:
Small Glafs-ba1Is ~ about the bi~nefs o~that reprefented in t~e Figure &. )
would,up~n rub~mg or fcratcht~g the mward Surface, fly all mfunder, with
a pretty bnsk nmfe ; whereas neither before nor after the inner Surface had
been thus fcratcht, did there appear any flaw or crack. And putting the piecell of one ofthofe broken ones together again, the ftaws appeared much
after the manner of the black lines on the Figure, & . Thefe Balls were fmall
but exceeding thick bubbles of Glafs, which being crack'd off from th~
runtiliun whilfr very hot, and fo fuffered to cool without nealing them in
the
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the Oven over the Furnace, do thereby (being made of white Glafs,
which cools much quicker then green Glafs, and is thereby made much
brittler) acquire a very porous and very brittle textu1·e: fo that if with
the point of a Needle or Bodkin , the infide of any of them be rubbed
prety hard, and then laid on a Table, it will, wit hiLl a very little while
break into many pieces with a brisk noife, and throw the parts above ~
fpan afunder on the Table : Now though the pieces are not fo fmall as
thofe of a fulminating drop, yet they as plainly fhew, th:~t the outward
parts of the Glafs have a great Conatu.r to fly afunder,were they not helcl
together by the tenacity of the parts of the inward Surface : for we fee
as foon as thoie parts are crazed by hard rubbing, and thereby their tenacity fpoiled, the fpringinefs of the more outward parts quickly makes a
divulfion, and the broken pieces will, if the concave Surface of them be
further fcratcht with a Diamond, fly again into fmaller pieces.
From which preceding confiderations it will follow Sixthly, That the
fudden flying afunder of the parts as foon as this Arch is any where difor•
dered or broken) proceeds from the fpringing of the parts; which )ndeavouring to extricate themfelves as {oon as they get the liberty , they perform it with fuch a quicknefs,that they throw one another away with very
great violence: for the Particles that compofe the Cn~fi have a, Conatu.r
to lye further from one another,and therefore as foon as the external parts
are locfened they dart themfelves outward with great violence, jufi as fo
many Springs would do, if they were detained and fafiened to the body,
as foon as they lbould be fuddcnly loofened; and the internal parts drawing inward, they contraCt fo violent! y ~ that they rebound baek again and
fly into multitude of fmall fhivers or fands. Now though they appear
not, either to the naked Eye, or the Microfcope, yet I am very apt to think
there may be abundance of fmall flaws or cracks, which , by reafon the
firong reflecting Air 1s not got between the contiguous parts, appear not.
And that this may be fo , I argue from this , that I have very often been
able to make a crack or flaw, in fomeconvenient piecesofGlafs,toappear
and difappear ;:tt pleafi.lfe, according as by preffing together, or pulling
afunder the contiguous parts, I excluded or admitted the firong reflecting Air between the pans : _And it is very probable, that there may be
fome Body, that is either very rarified Air, or fomething analogous to it,
which fills the bubbles of thefe drops ; which I argue, firfi, from the round·
nefs of them, and next, from the vivid refleCtion of Light which they exhibite : Now though I doubt not , but that the Air in them is very much
rarified,yet that there is fume in them, to fuch as well confider this Experiment of the difappearing of a crack upon the extntding of the Air , I
fuppofe it will feem more then probable.
.
The Seventh and lafi: therefore that I lhall prove, is, That the grad11al
heating and cooling of theft Jo extmded bodieJ diJes reduce the parts of the
Glafl to a loojer and fofter temper. And this I found by heating them, and
keeping them for a prety while very red hot in a fire; for thereby I found
them to grow a 1ittle lighter , and the fmall Stems to be very eaGly bro•
ken and fnapt any where) without at all making the drop fly; w~ereas
H ~
before
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before they were fo exceeding hard,that they could not be broken with()Ut much difficulty; and upon their breaking the whole drop would
fly in pieces with very great violence. The Reafon of which lafr feems
to be , that the leifurely heating and cooling of the pans does not only
waft fome part of the Glafs it felf, but ranges all the parts into a better
order, and gives each Particle an opportunity of relaxing its feJf, and
confequently neither will the parts hoi~ fo firongly together as .bef?re,
nor be fo difficult to be broken : The parts now more eaftly yteldtng,
nor will the other parts fly in pieces , becaufe the parts have no bended
Springs. The relaxation alfo in the temper of hardned Steel, and ham.
mered Metals):>y nealing them in the fire,feerns to proceed from much the
fame caufe. For both by quenching fuddenly fuch Metals as have flitrifod parts interfpers'd, as Steel has,and by hammering of other kinds that
do not fo much abound with them, as Silver: Brafs, &c. the parts are put
into and detained in a bended pofiure , which by the agitation of Heat
are fhaken, and loofened, and fuffered to unbend themfelves.

Obferv. VIII. Of the fiery Spark; flruck.. from a Flint or
Steel.
s htm
'

T is a very common Experiment , by thiking with a Flint againfi a
Steel,to make certain fiery and fhining Sparks to fly out from between
tliofe two compreffing Bodies. About eight years fince , upon cafually
reading the Explication of this odd Ph~n()memm, by the mofr Ingenious
Des Cartes, I had a great defire to be fatisfied, what that Subfrance was
that gave fuch a iliining and bright Light : And to that end I fpread a
lheet of white Paper,an'd on it, obferving the place where feveral of thefe
Sparks feemed to vanHh, I found certain ve!y fmall, .b}ack, .but glifrering
Spots of a movable Subfrance, each of which exammmg wtth my Miflrocope,l rounq to be a fmall rmmd G!4hule ; fome of which, as they looked
prety finall, fo did they from their Surface yield a very bright and fl:rong
reflection on that ftde which was nextthe Light; and each look'd almoft
like a prety bright Iron-Ball, whofe Sur£1ce was prety regular, fuch as is
reprcfented by the Figure A. In this I could perceive the Image of the
Window prety well, or of a Stick, which I moved up and down between
the Light and it. Others I found,which were, as to the bulk of the BaH,
prety regularly round, but the Surface of them,as it was not very fmooth,
but rough,and more irregular, fo was the reflection from it more f.1int and
confufed. Such were the Surfaces of B. C. D. and E. Some of thefe I
found cleft or cracked, as C, others quite broken in two and hollow, as
D. which feemed to be half the hollow £bell of a Granado, broken irre·
gularly in pieces. Several others I found of other fhapes; but that
which is reprefcnted by E, I obferved to be a very big Spark of Fire,
which went out upon one f:tde of the Flintthat I firuck fire withall, to
which

)
' f'

D

Fig:

X.

MI

c

R 0 G R A l? H

1 A.

which it fiuck by the root F, at the end of which fmall Stem was faflened-on a HmJijphere, or half a hollow Ball,with tl.e mouth of it open from
the fl:emwards, fo that it looked much like a Funnel, or an old falhioned
Bowl Without a foot. This night; making many tryals and obfervations
of this Experiment,! met,among a multitude of the Globular ones which
I had obferved, a couple of lnfiances, which are very remarkable to the
confirmation of tny Hypothtjis.
And the Firfi was of a pretty big Ball faftened on to the end of a frnall
Diver of Iron,which Comp~fitu111 feemed to be nothing elfe but a long thin
chip of Ironpne of whofe ends was melted into11 fmall round G]obul;the
other end remaining unmelted and irregular, and perfectly Iron.
The Second In fiance was not lefs remarkable then the Firfr; for I
found:. when a Spark went out, nothing but a very fmall thin Ion~ fliver
of Iron or Steel, unmeJted at either end. So that it feems, that fome of
thefe Sparks are the ilivers or chips of the Iron vitrified , Orhers are only the flivers melted into BalJs without vitrification, And the third k1nd
are only fmall flivers of the Iron, made red-'hot with the violence of the
firoke given on the Steel by the FJint.
He that iliall diligently examine the Ph.:enomena of this Experiment,
will, I doubt not, find caufe to believe, that the reafon I have heretofore
given of it, is the true and genuine caufe of it, namely, That the sparI(
•ppearing (o bright in the faUin._cr,~n nothing elfe but a [malip1ece of the Steel
()r Flint, but mofl commonly of the Steel, whir.h hy the violence of the flrof<5
if at the fame time fever'd and heatt red-hot, tmd that fometimes tu jitch d
degree, tn tu nurk! it melt together into afo111U Globule ef Steel; and fumetimes alfo is that heat fo very intenfe, tH further to melt it and vitrifie it .. bill
many times the heat i 1 Jo gentle, IH to be able to mak! the j!iver only red hot:t
'IPhich notwithftanding faUing 11pon the tindet (that is only a very curious
fmall Coal made of the fmall threads of Linnen burnt to coals and
char'd) it etifily .fets it on fire. Nor will any part of this HJPotheft.t feem
firange to him that confiders, Firfr, tha.t either hammering, or fili1 g, or
otherwife violently rubbing of Sree1, will prefently make it fo hct as to
be able to burn ones fingers. Next, that the whole force of the frroke
is exerted upon that fmall part where the Flint and Steel firfc touch: For
~he Bodies being each of them fo very hard , the puis cannot be far com.:
municated, that is, the parts of each can yield but very little, and therefore the violence of the concuffion will be exerted on that piece of Steel
which is cut off by the Flint. Thirdly , that the filings or fmall parts of
Steel are very apt,as it were,to take fire, and are prefently red hot, that
is,there feems to be a very comb".ftible. fo/ph1treoHJ Body in Iron or Steel,
which the Air very readily preys upon, as foon as the body is a: little vio..;
Jently heated.
And this is obvious in the filings of Steel or Iron cafi through the flam~
of a Candle ; for even by that fudden tra'!fitzu of the fmall chips of Iron,
they are heat red hot, and that co111b1':ftib/e folph11re01u Body i~ prefently prey'd upon and devoured by the acreal incompafiing Mm.ft.ntum,
whofe office in this Particular I have ihewn in the Explication ofChar~
cole.
And

MICROGRAPHIA~
And in profecution of this Experiment,ha ving taken the filings of Iron
and Steel, and with the point of a Knife cafr them through the flame of a
Candle j I obferved where fome confpicuous fhining Particles fell, and
looking on them with my Microflope , I found them to be nothing elfe
but fuch round Globules, as I formerly found the Sparks £huck from the
Steel by a frroke to be, only a little bigger ; and ilia king together all the
filings that had fallen upon the fb€et of Paper underneath, and obferving
them with the Microfcope, I found a great number of fmall Globules, fuch
as the former, though there were alfo many of the parts that had remained untoucht, and rough filings or chips of Iron. So that, it feems, Iron
does contain a very comb~tflihle folphureo~n Body, which is, in alllikeli..
hood one of the caufes of this Phttnomenon, and which may be perhaps
very :nuch concerned in the bufinefs of its hardening and tempering : of
which fomewhat is faid in the Defcription of Mufi'ovy-glafl.
. So that, thefe things confidered, we need not trouble our felves to find
out what kind of Pores they are, both in the Flint and Steel, that contain
the .Ato11u offire, nor how thofe Atoms come to be hindred from run..
ning all out , when a dore or paifage in their Pores is made by the co~
cuffion : nor need we trouble our felves to examine by what Promethe11r
the Element of Fire comes to be fetcht down from above the Regions of
the Air, in what Cells or Boxes it is kept, and what Epimetheus lets it go:
Nor to confider what it is that caufes fo great a conflux of the atomical
Panicles of Fire, which are faid to fly to a flaming Body, like Vultures or
Eagles to a putrifying Carcafs, and there to make a very great pudder.
Since we have nothing more difficult in this Hypothe{i.r to conceive, firfr
as to the kindling of Tinder, then how a large Iron-bullet, Jet fall red~
glowing hot upon a heap of Small-coal, fbould fet fire to thofe that are
next to it firfr : Nor fecondly, is this lafi more difficult to be explicated
then that a Body, as Silver for Infiance, put into a weak Menjir1111m,.
unrectified Aq~ta forti.r iliould , when it is put in a great heat, be there
difiolved by it, and not before; which Hypothejs is more largely explicated in the Defcription of Charcoal. To conclude, we fee by this Infiance, how much E)s:periments may eonduce to the regulating of Phiu..
[ophicalnotion.r. For if the mofi Acute De.r Cartes had applied himfelf
experimentally to have examined what fubfiance it was that caufed that
fhining of the falling Sparks firuck from a Flint and a Steel , he would
certainly have a little altered his Hypothejis, and we fhould have found,
that his Ingenious Principles would have admitted a very plaufible Explication of this Phtenommon; whereas by not examining fo far as he
might , he has fet down an Explication which Experiment do"s contradict.
But before I leave this Defcription, I mull: not forget to take notice of
the Globular form into which each of thefe is mofi curiouily formed.
And this Pht£nomenon, as I have elfewhere more largely fhewn, proceeds
from a propriety which belongs to all kinds of fluid Bodies more or
lefs,and is caufed by the Incongruity of the Ambient and included Fluid,
which fo acts and modulates each other~ that they a(X]uire , as neer as is

a;

poffible~

M I cR0

G R A

p H i A.

p·offible, a JPerical or gloh1tlar form, which propriety and feveral of the
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Phtenontena that proceed fi·om it, I have more fully explicated in the fixth
Obfervation.
One Experiment, which does very much illufi:rate my pre{ent Explica•
tion, and is in it felf exeeeding pretty; I muft not pafs by: And that is a
way of making fmall Glohules or Balls of Lead, or Tin, as fmall almofi as
thefe of Iron or Steel, and that exceeding eafily and qqickly, by turnihg
the filings or chips of thofe Metals alfo into perfeCtly round Globules.
The way) in fhort,as I received it fi·om the Learned PhJjfian DoClor I. G.
is this 5
. Reduce the Metal you would thus fhape, into exceeding fine filings;
the finer the filings are, the finer will the Balls be: Strt~.tije thefe filings
with the fine and well dryed powder of quick Lime in a Crucible proportioned to the quantity you intend to make : When you have thus filled
your Crucible, by continual flratifo:ations of the filings and powder, fo
that~as neer as may be, no one of the filings may touch another, place the
Cntcible in a gradual fire, and by degrees let it be brought to a heat big
enough to make all the filings, that are mixt with the quick Lime,to melt,
and no more ; for if the fire be too hot , many of thefe filings will joyn
and run together ; whereas if the heat be proportioned , upon walhing
the Lime-dufl: in fair Water, all thofe fmall filings of the Metal will Cubfide to the bottom in a rnoft curious powder , confifting all of exaCtly
round Glohules, which, if it be very fine, is very excellent to make Hour•
glaffes o£
Now though quick Lime be the powder that this direction makes
choice of, yet I doubt not, but that there may be much more convenient
ones found out~ one of which I have made tryal of, and found very effeCtual; and were it not for difcovering, by the mentioning of it, another
Secret, which I am not _fi·ee to impart, I i11ould have here inferred

it.

Obferv. IX. Of the Colours obfervahle in Mufcovy Glafs, and
ather thin Bodies.
Ofcovy-glafs,or Lapif JPecHiarh',is a Body that feeins to have as rna:.
ny Curiofities in its Fabrick as may common Mineral I have met
with : for firfi , It is tranfparent to a great thicknefs: Next, it is compounded of an infinite number of thin flakes joyned or generated one
upon another fo cJ.ofe & fmooth,as with many ~undreds of them .to ma.ke
one fmooth and thm Plate of a tranfparent fte;nble ft1bftance,whtch Wtth
care and diligence may be flit into pieces fo exceedingly thin as to be
hardly perceivable by the eye, and yet even thofe, which I have thought
the thinnefi, I have with a good Microfcope fonnd to be made up .of many
ether Plates, yet thinner; and it is probable, that, were our Mtcrofcopet
much
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m~ch better, we might much further difcover its divifibility.

Nor are
thefe flakes only regular as to the fmoothnefs of their Surfaces; but thirdly , In many Plates they may be perc.eived ~o ~e ter~inated naturally
with edges of the figure of a Rhomboetd. This Figure Is much more confpicuous in our Engliili talk, much whereof is ~oun.d in the Lead ~ines,
and is commonly called spar, and Kauck...., which IS of the f.1me kmd of
fubfrance with the selenitis, but is feldom found info large flakes as that
is, nor is it altogether fo tuff, but is much more clear and tr~nfparent,and
much more curioufly fhaped , and yet may be cleft and flak' d like the other selenit'k. But fourthly, thisfrone has a property, which inrefpeQ
of the Microfcgpe, is more notable, and that isJ that it exhibits feveral appearances of Colours, both to the n~k~~ Eye, b~t much more co~fpicu
oufly to the Microfcope ; for the exhibiting of which , I took a ptece of
Mufcovy-glafs, and fplitting or cleaving it into thin Plates, I found that up
and down in feveral parts of them I could plainly perceive feveral white
fpecks or flaws, and others diverfly coloured with all the Colours of the
Rainbow; and with the Microfcope I could perceive , that thefe Colours
were ranged in rings that incompaffcd the white fpeck or flaw, and were
round or irregular, according to the ilia pe of the fpot which they terminated ; and the pofition of Colours, in refpeet of one another, was the
very fame as in the Rainbow. The con{ecution of thofe Colours from the
middle of the fpot outward being Blew, Purple, Scarlet, Yell ow, Green;
Blew, Purple, Scarlet, and fo onwards, fometimes half a fcore times re- peated,that is,there appeared fix,feven,eight~nine or ten ieveral coloured
rings or lines, each inch·cling the other, in the fame manner as I have of..
ten feen a very vivid Rainbow to have four or five feveral Rings of Colours, that is, accounting all the Gradations between Red and Blew for
one : But the order of the Colours in thefe Rings was quite contrary to
the primary or innermofr Rainbow, and the fame with thofe of the fecondary or outermofi: Rainbow ; thefe coloured Lines or IrifesJ as I may fo
· call them, were fome of them much brighter then others , and fome of
them alfo very much broader, they being fome of them ten,twenty, nay,
I believe , neer a hundred times br~ader then others; and thofe ufually
were broadiili which were neerefi: the cent~r or middle of the flaw. And
oftentimes I found , that thefe Colours reacht to the very middle of the
flaw, and then there appeared in the middle a very large fpot, for the
moll: part, all of one colour , which was very vivid , and all the other
Colours incompafiing it, gradually afcending, and growing narrower towards the edges, keeping the fame order, as in the jeCJtndary Rainhofll,
that is,if the middle were Blew, the next incompafiing it would be a Purple,the third a Red, the fourth a Yellow, &c. as above ; if the middle
were a Red,the next without it would be a Yellow,the third a Green, the
fourth a Blew,and fo onward,. And this order it alwayes kept whatfoever were the middle Colour.
There was further obfervable in feveral other parts of this Body, many Lines or Threads,each ofthem of fome one peculiar Colour, and thofe
fo exceeding!y bright and vivid , that it afforded a very pleafant ob jeer
through
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thro'ligb the Microftope. Some of thefe threads I have obferved al(o to
be pieced or made up of feveral fh_?rt length~ of differently coloured
ends ( 3S J. may fo call them) as a lme appearmg about twoinches long
through the Microfcope , has been compounded of about half an inch of
a Peach colour, it of a lovely Grafs-green, ! of an inch niore of a bright
Bcarlet,and the refr of the line of a Watchet blew. Others of them were
much otherwife coloured ; the variety being almofr infinite. Another
thing which is very obfervable, is, that if you find any place where the
colours are very broad and confpicuous to the naked eye, you may by
preffing that place with your finger, make the colours change place;,and
go from one part to another.
There is one Pht£nomenon more, which may, if care be ufed, exhi·
bit to the beholder, as it has divers times to me, an exceeding pleafant,
and not lefs infrruCtive Spectacle ; And that is, if curiofity and diligence
be ufed , you may fo fplit this admirable Subfrance , that you may have
pretty large Plates ( in comparifon of thofe fmaller ones which you may
obferve in the Rings) that are perhaps an 1; or a ~ · part of an inch over~
each of them appearing through the Microfcope mofr curiouily, intire!y,
and uniformly adorned with fome one vivid colour : this, if examined
with the Microfcope, may be plainly perceived to be in all parts of it eqmtlly thick. Two, three, or more of thefe lying one upon another, exhibit oftentimes curious compounded colours, which produce fuch a
comp'!Jitum, as one would fcarce imagine fhould be the refult of fuch ingredients: As perhaps a fai11t yellow and a blew may produce a very deep
purple. But when anon we come to the more firifr examination of thefe
Phtenomena, and to inquire into the caufes and reafons of thde produfricns,we fhall,I hope, make it more i:Onceivable how they are produced,
and fhew them to be no other then the natural and neceffary effects ari·
fingfrom the peculiarunion of concurrent caufes.
Thefe Phtenomena being fo various, and fo truly admirable, it will certainly be very well worth our jnqniry, to examine the caufes and reafons
of them)and to confider, whether from thefe caufes demonfrratively evidenced , may not be deduced the true caufes of the producrion of all
kind of Colours. And I the rather now do it: , infiead of an Appendix or Digreffion to this Hifiory, then upon the occafion of examining
the Colours in Peacocks, or other Feathers, becaufe this Subject, ;~s it
does afford more variety of particular.Colours , fo does it afford much
better wayes of examining each circumflance. And this will be made
manifefl: to him that confiders, firfi, that this laminated body is more
funple and regular then the parts of Peacocks feathers, this confifling only of an indefinite number of plain and frnooth Plates) heaped up, or innt111bent on each other. Next, that the parts of this body are much mo~e
manageable, to be divided or joyned, then the parts of a Peacocks feather,or any other fubfrance that I know. And thirdly, becaufe that in this
we areablefroma colourlefs body to ptoducefeveralcoloured bodies;
affording all the variety of Colou~ imaginable : And feveral others,
which the fubfequent Inquiry will mue manifefi.
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To begin therefore> it is manifefi from feveral circumfr~nces, that the
material caufe of the 4pparition of thefe feveral Colours, Is fome Lami•fi
or Plate of a tranfparent or pellucid body of a thicknds very detenni..
nate and proportioned accordin& ~o the greater or lefs r¢[ratl:ive power
of the pellucfd body. A~d that this 1s !o,abundance of Infrances and par•
ticular Circumfiances will make mamfefr.
As fir:ft, if you take any fmall piece of the Mufcovy-glttfl , and with a
Needle or {orne other convenient Infrrument, cleave it oftentimes intQ
thinner ~nd thinner Lamin£, you fhall find, that till you come to a deter..
minate thinnefs of them, they fhall all appear tranfparent and colourJe~
but if you continue to !plit and divide them fur~her,yo~ fhall find at Jaft:
that each Plate~ a~er,It co:nes to fuc~ a determm~te thtcknefs, fhall appear mofr lovely tmg d or Imbued ":tth a.detenmnate colour. Iffurther,
by any means you fo flaw a pretty thick piece, that one part does begin
to cleave a little from the other, and between thofe two th~re be by any
means gotten fome pellucid medimn, thofe laminated pellucid bodies that
fill that fpace, fhall exhibit fevera.l Rainbows or coloured Lines, the coJours of which will be difpofed and ranged according to the various
thickneffes of the feveral parts of that Plate. That this is fo, is yet f•r ..
ther confirmed by this Experiment.
Take two fmall pieces of ground and polifht Looking-glatS-plate
f:ach about the bignefs of a tbilling, take thefe two dry , and with you;
fore-fingers and thumbs prefs them very hard and clofe together,and you
fhall find, that when they appr~ach e~ch other very near, there w~ll a~
pear feveral Irifes or coloured Lines, In the fame manner aImoll: as m the
Mufcovy-gllljs; and you may very eafily change any of the Colours of
any part of the iAterpofed body, by preffing the Plates clofer and hard·
er together~or leaving them more lax; that is,a part which appeared coloured with a red, may be prefently ting'd with a yellow, blew, gr~en
purple , or the like, by altering the appropinquation of the terminating
Plates.Now that air is not necefiary to be the interpofed body, but that
any other tranfparent fluid will do much the fame, may be tryed by wet•
ting thofe approximated Surfaces with Water, or any othern·anfparent
Liquor, and proceeding with it in the fame manner as you did with the
Air ; and you will find much the like effetl:, only with this difference
that thofe comprell: bodies, which ~iffer mofr, in their refraCtive quality:
from the compreffing bodies, exhibit the moll: frrong and vivid tin..
ctures. Nor is it neceffary , that this laminated and ting'd body fhould
be of a fluid fubll:an~e, any other f~1bfranc~, provided it be thin enough
and tranfparent, domg the fame thmg : this the LllUJin£ of our MHfoOfJJ..
glafl hint; but it may be confirm'd by multitudes of other Infrances.
And firfr, we tball find, that even GlafS it felf may, by the help of a
Lamp, be blown thin enough to produce thefe PhftnonJentt of Co~
lours: which Ph£nomena accidentally happening , as I have been
attempting to frame fmall Glaffes with a Lamp, did not a little furprize
me at firll: , having never heard or feen any thing of it before ;
though afterwards comparing it with the Ph1non1ena, I had of[en
obferved
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ob~erved in thofe Bubbles wh!ch Children ufe to make with Soap water,
I dtd the !efs wonder ; efpectally when upon Exptnirnent I found, I was
able to produce the fame Phamomena in thin Bubbles made i\lirlt any
other tranfparent Subfiance. Thus hal'e I produced them with. BubMesof Pitchj &jin, C()lophonJ~T~erpentine, 8olutio1zs of fevel'al tritm.l', "<ts·GIHH.Arabicl{_ in water; any gbttinell" Liquor,as Wort, Wine)Spirit of Wine, OJ!
ofTurpentine~ Gltre of snails, &c.
.
It would be needlefs to enumerate the feveralltTfrances , rhefe being
enough to fhew the generality or univerlality of th~ propriety. Ohly I
mufi not omit, that we have infiances a}fo of this kind even in tn~talline
Bodies and animal ; for thofe feveral Colours which are obferved to-follow each other upori the polilbt furface of hardned Steel, Whcil it ts by a
fufficient degree of heat gradually tempered or foftened, are produced
from nothing elfe but a certain thin Lamina of a vitnmt or vitrified part
of the Metal,which by that degree ofhtat, and the concurring attion of
the ambient Air,is driven out and fixed O!l the furface of the Sted.
And this hints to me a very probable ( at leafr~ if ilot the ttue) caa~
of the hardning and tempering of Steel, which has not, I think, been ye~
given,nor, that I know o~been fo much ::ts thought of by ::tny. And that
is this, that the hardnefs of it arifes fi:om a greater proportion of a vitrified Subfiance interfperfed through the pores of the Steel. And rhat the
tempering or foftnrng of it arifes·from rhe proportionate trt fm<lller parcel~
of it left within thofe pores. This wHI feem the more probable , if we
confider thefe Particulars.
Firfi, That the pure parts of Metals are of themfdves "fety Jlexiblt
and tHjf; that is, will indure bending and hammering,and yet retain thdr
continuity.
Next, That the Parts of all vitrified Subfiances, as aU kind~ of Gla&,
the Scoria ofMetals, 6-c. are very hard, and alfovery brittle, being nei-ther flexible nor maUeable) but may by hammering or beating be broken
into fmall parts or powders.
Thirdly,,That all Metals (excepting Oold aud Silver., whic~ do not
fo much wtth the bare fire, unlds affifl:ed by other hthne Bodies ) do
more or lefs vitrifie by the firength of fire, tnat is, are corroded by a f.:rline Subfiance, which I eifewhere fhe\v to be the true ca ufe of fite 1 and
are thereby~ as by feveral other Me11flrntt17t.r,converted into Scdricr ; And
this is called, ctt/cihing ofthem, by Chimifis. Ttius' Iron and Copper by
heating and quenching do turn all of them by degrees into 8dJria, which
are evidently vitrified Subflances ~ and unite with Gfafs, and are-eafiiy
fl!.fible ; and when cold, very hard, and very brittle.
.
Fourthly, That mofi: kind of l'it,.ifictttionr or Cafcinatiofts are made by
Salts, uniting and incorporating with the metaUine Particles. Nor da l
know any one taltinatioh wherdn a Saline body may not, with very
great probability, be faid to be an agent or tuadj'uwr.
Fifthly, That Iron is converted into Steel by meanS' of the incorpora·Hon of certain faits, with which it is kept a certain time in the tfre.
4

Sixthly,
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Sixthly, 'That any Iron may, in a very little time, be cafe httrdned, a:s
the Trades-men call it, by caftng the iron to be hardned with clay, and
putting between the clay and iron a good quantity of a mixture ofVrine
soot, Sea-fait, and Horfu hoofs (all which contein great quantities of Sa~
line bodies) and then putting the cafe into a good ftrong fire, and keeping it in a confiderable degree of heat for a good while, and afterwards
heating, and quenching or cooling it fuddenly in cold water.
Seventhly,That all kind ofvitrifY'd fubfiances,by being fuddenly cool'd
become very hard and brittle. And thence arifes the pretty Phtenomen;
of the Glafs Drops, which I have already further explained in its own
place.
Eighthly, That thofe metals which are not fo apt to vitrifie, do not acquire any hardnefs by quenching in water, as Silver, Gold, &c.
Thefe confiderations premis'd, will, I fuppofe, make way for the more
.eafie reception ofthis following Explication ofthe Pbt£nomena ofhardned
and temper' d Steel. That Steel is a fubfiance made out oflron, by means
of a certain proportionate Pitrification of feveral parts, which are fo curioufly and proportionately mixt with the more tough and unalter'd parts
of the Iron, that when by the great heat of the firethisvitrit}"d .1Ubfrance is melted, and confequently rarify'd, and thereby the pores of
the Iron are more open, if then by means of dipping it in cold water it
be fudd.enly cold, and the parts hardned, that is, fiay'd in that fame degree of Expanjon they were in when hot, the parts become very hard
and brittle, and that upon the fame account almofi as finall parcels of
glafs quenched in water grow brittle, which we have already explicated. If after this the piece ofSteel be held in fome convenient heat,till by
degrees certain colours appear upon the furface of the brightned metal,
the very hard and brittle tone of the metal, hy degrees relaxes and becomes much more tough and foft; namely, the aCtion of the heat does
by degrees loofen the parts of the Steel that were before fireached or fet
atilt as it were, and frayed open by each other, whereby they become
relaxed and fet at liberty, whenct: fome of the more brittle interjacent
parts are thruft out and melted into a thin skin on the furface ofthe Steel,.
which from no colour increafes to a deep Purple, and fo onward by theie
gradations or confecutions, White, TeUow;orange> MiniHm, Scarlet, F~trple;
Blew,Watchet, &c. and the parts within are more conveniently, and proportionately mixt; and fo they gradually fubfide into a texture which
is much better proportion'd and clofer joyn'd, whence that rigidndle
of parts ceafes, and the parts begin to acquire their former dJtC!il-

nefs.
Now,that 'tis nothing but the vitrify' d metal that fiicks upon the furface
ofthe colour'd body, is evident from this, that ifby any means it be fcra•
pedand rubb'doff, the metal underneath it is white and clear;and if it be
kept longer in· the fire, fo as to increafe to a confiderable thicknds, it
may, by blows, be beaten offin flakes. This is further confirm'd by this
obf€'rv;tble, that that Iron or Steel will keep longer from rufiing which
is covered with this vitrify'd cafe : Thus alfo Lead will, by degrees, be
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all turn'd into a litharge; · fur that colour which covers the top being
fcum'd or fbov'd afide, appears to be nothing elfe but a litharge or
vitrify'd Lead.
This is obfervable alfo in fome fort, on Brafs, Copper, Silver Gold
Tin, but is mofi confpicuous in Lead : all thofe Colours that c~ver rh:
furface of the Metal being nothing elfe, but a very thin vitrifi'd part
of the heated Metal.
The other Infiance we have, is in Animal bodies, as in Pearls, Mother
of Pearl-fbels, Oyfier-fbels, and almofr all other kinds of frony fheJs
whatfoever. This have I alfo fometimes with pleafure obferv' d even
in Mufcles and Tendons. Further, if you take any glutinous fubfiance
and run it exceedingly thin upon the furface of a iinooth glafs or a po..
liiht metaline body, you fhall find the like effefrs produced: and in
general, where!oever you meet with a tranfparent body thin enough,
that is terminated by reflecring bodies of differing refraCtions from it, ,
there wiJJ be a production of thefe pleafing and lovely colours.
.
Nor is it necefiary, that the two terminating Bodies ihould be both of
the tame kind, as may appear by the vitrift'ed Laminte on Steel, Lead, and
other Metals,one furface of which Lamina: is contiguous to the furface of
the Metal, the other to that of the Air.
Nor is it necefiary, that thefe colour'd Laminte fhould be of an even
thicknefs, that is, ihould have their edges and middles of equal thicknefs
as in a Looking-glafs-plate, which circumfiance is only requifite to m.ak~
the Plate appear all of the fame colour ; but they may refemble a Len.r
that is, have their middles thicker then their edges; or elfe a dv11b/c con~
cave, that is, be thinner in the middle then at the edges; in both which
cafes there will be various coloured rings or lines,with differing confecutions 'Or orders of Colours ; the order of the firfi ·from the middle outW?,~ds being Red, Yellow, Green, Blew, &c. And the latter quite contrary.
But furtherJ it is altogether nece!fary, that the Plate, in the places
where the Colours appear, lhould be of a determinate thicknefs: Firfr, It
mufi not be more then fuch a thicknefs, for when the Plate is incre:1fed to
fuch a thicknefs, the Colours ceafe; and befides, I have feen in a thin
piece of Mufcovy-glafi, where the two ends of two Plates; which appearing both fingle , exhibited two difiinCr and differing Colours ; but
in that place where they were united, and confiituted one double Plate
(as I may call it) they appeared tranfparent and colourlefs. Nor, Second Iy, may the Plates be thinner then fuch a determinate cize; for we
alwayes find, that the very outmofi Rim of thefe flaws is terminated in
a white and colourlefs Ring.
Further, in this ProduCtion of Colours.there is no need of a determinate Light of fuch a bignefs and no more, nor of a determinate pofition
of that Light,that it iliould be on this fide,and not on that fide; nor of a
terminating iliad ow, as in the Prifme, and Rainbow, or Water-ball : for
we find, that the Light in the open Air, either in or o~t of the Sun-beams,
ithin a R.oom~ either from one or many Windows, produces much
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54 the fame effeCt :M
only where the Light is brightefi, there the Coloor~ 11.tC!
mofi vivid. So does the light of a Candle , colletl:ed by a Glafs-baU.
And further, it is all one whatever fide of the coloured Ring~ be to.
wards the light; for the whole Ring keeps its proper ~lours from the
middle outwards in the fame order as I before related ) Without varying
at all, upon changing the pofition of the light.
But above all it is mo!l: obfervable, that here are all kind of Colour!
generated in a peUucid body,where there is properly no fuch refraction as
Des Cartes fuppofes his G/oh1tles to acquire a verticity by : For in the
plain and even Plates it is manifefr, that the fecond refraCtion ( accord·
mg to Des Cartes his Principles in the fifth setlion of the eighth Chaptt1'
of hiJ Meteors ) does regulate and re!l:ore the fuppofed turbinated GIIJ·
bu!eJ unto their former uniform motion. This Experiment therefore will
prove fuch a one as our thrice exceUent Verulant calls ExperimentHm CrN•
elf, ferving as a Guide or Land-mark , by which to direcc our courfe in
the fearch after the true caufl.· of Colours. Affording us this particular
negative Information, that for tr " produCtion of Colours there is not necefiary either a great rdr.;CtionJ as in t e Prifme; nor Secondly, a determination of Light and fbadow , fuc as is both in the Prifme and Glafsball. Now that we may iee lili: ewife what affirmative and pofitive InfiruClion it yields,it will be nece11ary, to examine it a little more particularly
and firittly; which that we may the better do, it will be requifite to
premife fomewhat in general concerning the nature of Light and Refra·
crion.
And firfi for Light,it feems very manife!l:, that there ii no luminous Body but has the parts of it in motion more or lefs.
Firfi, That all kind of fiery b1erning Bodies have their parts in motion,
I think: will be very eafily granted me. That the Jjark. frruck from a
Flint and Steel is in a rapid agitation, I have elfewhere made probable.
And that the Parts of rotten Wood,rotten Fijh,and the like, are alfo in motion, I think, will as eaGly be conceded by thofe, who conftder,that thofe
parts never begin to fhine till the Bodies be in a fiate of putrefaction;
and that is now generally granted by all , to be caufed by the motion of
the parts of putrifying bodies. That the B011onian flone £hines no longer then it is either warmed by the Sun-beams~ or by the flame of a Ftte
or of a Candle, is the general report of thofe that write of it, and of
others that have feen it. And that heat argues a motion of the internal
parts,is (as I faid before) generally granted.
But there is one Inftance more , which was firfi fhewn to the RQ)alS~·
ciety by Mr. Clayton a worthy Member thereof, whichdoesmakethisAf..
fertion more evident then all the refi: And that is, That a Diamond be·
ing rub'd, flr~tck, or heated in the dark, fhines for a pretty while after, fo
long as that motion, which is imparted by any of thofe Agents, remaiO$
(in the fame manner as a Glafs,rubb'd,ftruck,or(by a means which I fball
elfewhere mention) heated, yields a iound which lafis as long as the fli·
brating motion of that [onoro1u body) feveral Experiments made on
which Stone, are fince publifhed in a Difcourfe of Colours, by the truly
honou-
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hono?rable ~r. Bojlc. What may be faid <?f thofe Igtte.r fatui

thai: ap·
pear tn the mght,I cannot fo well affirm, havmg never had the opportunity to examine them my felf, nor to be inform'd by any others that had
obferv'd ~hem: And ~he relations of them in Authors are fo imperfect,
that nothmg can be bmlt on them. But I hope I fuall be able in another
place to make it at leafi very rrobable, that there is even ln tbofe .alfo a
Motion which caufes this effeCt. That thefuining of 8e4-water proceeds
from the fame caufe, may be argued from this, That it ihines not till either it be beaten againfi a Rock} or be fome other wayes broken or agitated by Storms, or Oars, or other perc~t!Jing bodies. And that the A-.
nimal Energ1e.r or Spirituous agil parts are very active in Cats qe.r when
they fbine, feems evident enough, becaufe their eyes never ihine but
when they look very intently either to find their prey, or being hunted
in a dark room, when they f~ek after their adverfary, or to find a way to
efcape. And the like may be faid ofthe fhining BeUies of Gkrworm.r,
fince 'tis evident they can at pleafure either increafe or extinguiih that
Radiation.
It would be fomewhat too long a work for this place Zeti:Jically to
examine, ~nd pofitively to prove, what partkular kind of motion it is
that mufi be the efficient of Light ; for though it be a motion, yet 'tis
not every motion that produces it, fince we find there are many bodies
very violently mov'd, which yet afford not fuch an effect; and there
are other bodies, which to our other fcnfes, feem not mov'd fo much,.
which yet ihine. Thw Water and quick-filver, and mofl: o.t:1-Jfr liquors
heated, fhine not; and feveral hard bodies, as Iron, Silver, Brafs: Copper, Wood, &c. though very often {l:ruck with a hammer, tbine not prefently, though they will aU of them grow exceeding hot ; whereas rotten ·wood, rotten Fifu, Sea water, Gloworms, &c. have nothing of tangible heat in them, and yet (where there is 110 Hronger light to affect the
Senfory) they Chine fome of them fo Vivid! y, that one may make a fbift
to read by them.
;
It would be too long, IGy,here toinfert the difcurfive progrefs by
which I inquir'd after the rroprieties of the motion ofLight, and there.:
fore I fhall only add the refult.
And, Firfr, I found it ought to be exceeding qHicft, fuch as thofe motions of ftrmentatioh and putrefaaion, whereby, certainly, the parts are
exceeding nimbly and violently mov'd; and thnt, becaute we hnd thofe
motions are able more minutely to fhattet and divide the body,then the
mofi violent heats or menftruu»u we yet know. And that fire is nothing
elfe but fuch a dij{Olution of the Burning body, tnadc by the mofr tmiver.:
fa/ ~enftruum of all folphureous bodie.r, namely, the Air, we £hall in an
other place ofthis Tractate endeavour to make probable. And that,
in all extreamly hot fhining bodies, there is a very quick motion that
taufes Light, as well as a more robufi that taufes Heat, may be argued
from the celerity wherewith the bodyes are diffolv'd.
,
Next, itmufibeaYibrativemotion. Andforthisthe newly mention'd
Diamond affords us a good argument; 6nce i( the motion ofthe parts did
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not ret\.m:l~the Diamond mufr after many rubbings decay and be wafred!
but we have no reafon to fufpect the latter, eJpecially if we confider
the exceeding difficulty that is found in cutting or wearing away a Di.
amond. And a Circular motion of the parts is much more improbable
fince, if that were granted~and they be fuppos' d irregular and Angula:
parts, I fee not how the parts of the Diamond ihould hold fo firmly to·
gether, or remain in the fame fenfible dimenfions~ which yet they do.
Next~ if they be Globular, and mov'd only with a turbinAted motion, I
know not any caufe that can imprefs that motion upon the peU~tcid medilmt, which yet is done. Thirdly, any ~ther irregular motion of the
parts one amongfr another, mufi neceifartly make the body of a fluid
confifience, from which it is far enough. It mufr therefore be a Vibrating motion.
And Thirdly, That it is ~ ':ery jhor~ vibrating .motion) I think the in. frances drawn from the ihmmg of Diamonds will alfo make probable.
For a Diamond being the hardefi body we yet know in the World, and
confequently the leafi apt to yield or bend, mufr confequently alfo have
its vibration.r exceeding Lhort.
And thefe, I think, are the three principal proprieties of a motion, re..
quifite to produce the effect call'd Light in the Object.
The next thing we are to confider, is the way or manner of the traje•
l!ion of this motion through the interpos'd pellucid body to the eye:
And here it will be eafily granted,
Firfr, That it mufr be a body fofteptib/e and impartible of this motion
that will deferve the name of aTranfparent. And next, that the parts of
fuch a body mufr be Homogeneo1es, or ofthe fame kind. Thirdly, that the
confiitution and motion of the parts mufr be fuch, that the appulfe of the
luminous body may be communicated or propagated through it to the
greatefr imaginable diHance in the leafi imaginable time; though I fee
no reafon to affirm, that it mufi be in an infiant : For I know not any one
Experiment or obfervation that does prove it. And, whereas it may be
objeCted~ That we fee the Sun rifen at the very infiant when it is above
the fenfible Horizon, and that we fee a Star hidden by the body of the
Moon at the fame infl:ant, when the Star, the Moon, and our Eye are all
in the fame line ; and the like Obfervations, or rather fuppofitions, may
he urg'd. I have this to anfwer, That I can as eafily deny as they affirm;
for I would fain know by what means any Lne can be afiured any more
of the Affirmative, then I of the Negative. If indeed the propagation
were very flow~ 'tis poffible fomething might be difcovered by Eclypfes of the Moon ; but though we ihould grant the progrefs of the light
from the Earth to the Moon, and from the Moon back to the Earth a•
gain to he full two Minutes in performing, I know not any pofiible
means to difcover it; nay, there may be fome infrances perhaps of Horizontal Eclypfes that may feem very much to favour this fuppofition of
the flower progrefiion of Light then mofi imagine. And the like may
be faid of the Eclypfes of the Sun, &c. But of this only by the by.
Fourthly, That the motion is propagated every way through anHontogeneoH.t
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geneo'lts 111edium by direct or Jl:aight I_ines extended every way like Rays
from the center of a Sphere. Ftfthly, m an Ho11togene01u »:ediu11t this motion ispropa~ate? every way ~itheq11al veloc_ity, whence neceffarily every P•lfe or vttratzon of the lummous body will generate a Sphere, which
will continually increafe, and. grow bigger, jufi after the fame manner
(though indefinitely fwifter) as the waves or rings on the furface of the
water do fwell into bigger and bigger circles about a point of it, where;
by the finking of a Stone the motion was begun, whence it necefiarily follows, that all the parts of thefe Spheres undulated through an HomogenePHI 111edium cut the Rays at right angles.
But becaufe all tranfparent medi11ms are not Homogeneous to one another,therefore we will next examine how this pulfe or motion will be
propagated through differingly tranfparent mediums, And here, according to the mofr acute and ~xc~llet!t P_hilofopher Des Cartes, I fuppofe the fign of the angle of mclmatlon m the fir{[ medium to be to
the fign of refraCtion in the fecond; As the denfity of the firfr, to the
den~ty of t~e fcc<;md. By denfi.ty, I mean not the denfity in refpect of
gravity ( wtth whtch the refraCtions or tranfparency of mediums hold no
proportion) but in refpefr onely to the trajeaio1t of the Rays oflight, in
whichrefpefr theyonlydifferin this; that the one propagates the pulfe
more eafily and weakly, the other more flowly, but more firongly. But
as for the pulfes themfelves, they will by the refraecion acquire another
propriety, which we fhall now endeavour to explicate.
We will fuppofe therefore in the firft Figure A C F D to be a phyfical
Ray, or ABC and D E F to be two Mathematical Rays, trajeiled from
a very remote point of a luminous body through an Homogeneous tr:;~nipa
rent medium L L L, and 0 A, E B, F C, to be fmall portions of the orbicular impulfes which muft therefore cut the Rays at right angles; thefe
Rays meeting with the plain furface N 0 of a medium that yields an
eafier tranjtus to the propagation of light, and falling obliquely on it,
they will in the mediunJ M M M be refracted towards the perpendicular
of the furface. And becaufe this medi11m is more eaGly trajelled then .
the former by a third, therefore the point C of the orbkular pulfe F C
will be mov'd to H four 1paces in the fame time that F the other end of
it is mov·d to G three fp<tces, therefore the whole refraCted pulfe G H
fhall be oblique to the refraCted Rays C H K and G I; and the angle G H C
fhall be an acnte, and fo much the more acute by how much the greater
the refrall:ion be, then which nothing is more evident, for the fign of the
inclination is to be the fign of rcrfraction as G F to T C the diftance between the point C and the perpendicular from G on C K, which being as
four to three, H C being longer then G F is longer alio then T C, there·
fore the angle G H C is lefs than G T C. So that henceforth the parts of
the pulfes G H and I K are mov'd afcew, or cut the Rays at oblique
angles.
·
· It is not my bufinefs in this place to fet down the reafons why this or
that body fhould impede the Rays more,others lefs : as why Water lhould
tranfmit the Rays more eafily) though more weakly than air. Onely thus
K
much
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much in general I {ball hint,that I fuppofe the 1lledium M M M to hne le&
of the tninfpar~nt undulating fubtile matter, and ~hat matter to be lei$
implicated by tt, w~ereas L L L I fupp?fe to conta1~ a g~eater q~antity
ofthe fluid undulating fubftance,and thts to be more tmphcated wuh the
particles of that nzedi11m•
.But to proceed, the fame kind of obliquity of the Pulfes and R.aya will
happen alfo when the refrattion is made out of a more eafie into a morft
difficult wtediu; as by the calculations ofG Q& C S R which are refracted
from the perpendicular. In both which calculations 'tis obvious to obferv:e
that always that part of the Ray towards which the refraltion is mad;
has the end of the orbicular pu!(e precedent to that of the other fide. And
always,the oftner the refraction is made the fame way ,Or the greater the
fingle refraction is, the more is this unequal progrefs. So that having
found this odd propriety to be an infeparable concomitant of a refraCted
Ray, not fireightned by a contrary refraltion, we will next examine the
refrall:ions of the Sun-beams, as they are fuffer'd onely to pafs through a
fmall paffage, obliquely out of a more difficult,into a more eafie medilt"-·
Let us fuppofe therefore ABC in the fecond Figure to reprefent
a large Chimical Glafs-body about two foot loug, filled with very fair Wa.
teras high as A B, and inclin'd in a convenient pofiure with B towards
the Sun : Let us further fuppofe the top of it to be cover'd with an QP4·
etJus body, all but the hole a b, through which the Sun-beams are fuffer'd
to paf5 into the Water,and are thereby refracted to c def,againfr which
part, if a Paper be expanded on the ontfide, there will appear all the colours of the Rain-bow, that is, there will be generated the two principal
colouri, Scarlet and Bllte, and all the intermediate ones which arife froQI
the compofition and dilutings ofthefe two, that is, c d fball exhibit a
Scarlet, which toward d is diluted into a TelltJw ; this is the refraction of
the Ray) i k., which comes from the underfide of the Sun; and the R.ay
~f fball appear of a deep Bhte, which is gradually towards e diluted m
..
o a pale Watchet-blue. Between d and e the two dihtted colours, BINI
and TeU~w are mixt and compounded into a Green; and thii I imagine to
be the reafon why Green is fo acceptable a colour to the eye, and that
either of the two extremes are, ifintenfe, rather a little offenfive, nam..ly, the being plac, d in the middle between the two extremes, and C()IJlr
pounded out of both thofe, diluted alfo, or fomewhat qualifi'd, for tht
&ompl!fitiln, arifing from the mixture of the two extrem~s "Mndillltttl.
make6 a Purple, which though it be a lovely colour,and pretty ac(:cptable
to the eye, yet is it nothing comparable to the ravifhing pleafurewitJ.
which a curious and well tempered Grten affecrs the eye. If rerruwing
the Paper, the eye be plac'd againfr c d, it will perceive the low~r fldt
.of the Sun (or a Candle at night which is much better, becaufe it (')tftll.
not the eye, and is more eafily manageable) to be of a deep Ked, liDO if
againfr ef it will perceive the upper part of the luminous body to bo of
~deep ~!ue; and thefe colo~rs will appear deeper and deepfr, acc(.')l'dmg as the R.ays from the lummous bo~ fall more obliqJJe/y on th¢ fuf~
face of the Water, and thereby futfcr a greater r~fraccion, and thJ
more
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more difiinll', the further c d ef is removed from the trajetting h61t::.
So that upon the whole, we iball find that the reafon of the Ph£nome.:.
na feems to depend upon theobliquity of the oi-bic1tlar pu![e,to the Lines of
Radiation~and in particular,that the Ray c d which confritutes the Scarlet has its inner parts, namely thofe which are ne')(t to the h1iadle of the
luminous body, precedent to the outerrnofi which are contiguous to the
dark and tmradiating fkie. And that the Ray ef which gives a Blue., has
its outward part,namely, that which is contiguous to the dark fki~ prece~
dent to the pulfe from the innermofi, which borders· on· the bright arcd
of the luminous body,
We may obferve furthet,that the caufe ofthe dil1tting of the colours to·
wards the middle,proceeds partly from the widenefs of the hole through
which the Rays pafs, whereby the Rays fi·om feveral parts of the luminous body, fall upon many of the £1rne parts between c and f as is more
manifefr by the Figure: And partly alfo from the nature of the refraction
it felf, for the v ividnefs or fl:rength of the two terminating colours, ariling
chiefly as we have feen, fi·om the very great difference that is betwixt the
outlides of thofe obliqite ~tndulations & the dark Rays circumambient,and
that difparity betwixt the approximate Rays,decaying gradually: the further inward toward the middle of the luminous body they are remov' d,
the more muH the colour approach to a white or an undifiurbed light.
Uoon the calcula..ion of the efraction and refletl:ion from a Bail of
Wat~r or Glafs, we have much he iame rh.cnomena_namely, an obliquity of
the undulation in the iame m..tnner a~ we have found it here. Which, becaufe it is very much to c.ur pre'fent purpofe, and affords fuch .an Infirm cia
cr11c1s, as no one that I knm't ha hitherto taken notice of, I fhall further
examine. For it does very plainly and pofitively difiinguiib, and ibew;
which of the two Hypothefer,either the C artejian or this is to b e followed,
by affording a genera ton of all the colors in the R~inbow)where according to tC.e Cart~{tatJ Principles there fbould be none at all generated. 'A nd
fecondly, by afiording an infiance that does more clofely confine the
caufe of thefe Phtenomena of colours to this prefent Hypolh~fi.r.
And firfl:,forthe Cart~(tan)we have this to object againfr it,That whereas
he fays ( Meteor11m Cap.8.setl. 5· )sedjudicabam ttnicam(refraCiionl fcilicet)
ad minimu reqttiri,& quidem talem 1ft eju.r ejfeChu &t!iFz contrari a(refrafJ.ione )non deftnJatur: Na19J expenwtia docet jijitperficie.r N M & N P ( nempe
refringentes) ParaUe!te forent, radios tant1111dem per &t!teram itemm erefJo1
quantum per unam[rangerent11r,nuUos colore! depi&uriis; This Principle of
his holds true indeed in a prifme where the refi·acting furfuces are plain,
but is contradiCted by the Ball or Cylinder, whether ofWatet brGlafs,
where the refracring furfuces are Orbicular or Cylindrical. For if we examine the pafiage of any G!obttle or Ray of the primary Ir1s, we iball find
it to pafs out of the Ball or Cylinder again, with the fame inclination and
refraction that it enter'd in withall, and that that lafi refraCtion by means
of the intermediate reflection £hall be the fame as if without any
reflection at all the Ray had been twice refracted by two Parallel
furfaces;
K :2
And
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And that this is true, not onely in one, but in every Ray that goes t:0
the confiitution of the Primary Iris; nay, in every Ray, thatfutfersonly
two refraCtions~ and one reftell:ion, by the furfuce of the round body, we
(hall prefently fee mofi: evident, if we repeat the Carteftuz scheme, mentioned in the ,tenth SelJion of the eighth chapter of his Meteors, where
E F K N P in the third Figure is one of the Rays of the Primary Iris,
twice refraCted at F and N, apd once refleCted at K by the furface of the
Water-ball. For, firfi: it is evident, that K F and K N are equal, becaufe
K N being the reflell:ed part of K F they have both the tame inclination
on the furface K that is the angles F K T, and N K V made by the two
Rays and the Tangent ofK are equal,which is evident by the Laws of refletl::ion ; whence it will follow alfo, that K N has the fame i.Dclination on
the furface N, or the Tangent of it X N that the Ray K F has to the furface F, or the Tangent of it F Y, whence it mufi: neceffarily follow,that
the refraCtions at F and N are equal, that is, K FE and K N P are equal.
Now, that the furface N is by the refleCtion at K made parallel to the fur. face at F, is evident from the principles of refleCtion; for refleCtion being
nothing but an inverting of the Rays,ifwe re-invertthe Ray K N P, and
make the fame inclinations below the line T K V th~t it has above, it will
be mofi evident, that K H the inverfe of K N will be the continuation of
the line F K, and that L H I the inverfe of 0 X is parallel to F Y. And
H M the inverfe of N P is Parallel to E F for the angle K H I is equal
to ·K N 0 which is equal to K F Y, and the angle K H M is equal to K N P
wh!ch is equal to K FE which was to be prov·d.
So that according to the above mentioned Cartejian principles there
fhould be generated no colour at all in a Ball of Water or Gla!S by two
refractions and one refieCtion, which does hold mofi true indeed, if the
furfaces be plain, as may be.experimented with any kind of prifme where
the two refracHng furfaces are equally inclin'd to the refleCting; but in
this the Phttnomena are quite othcrwife.
The caufe therefore of the generation of colour mufi not be what Du
Cartes affigns, namely, a certain rotation of the Globuli tetherei,which are
the particles which he fuppofei to confiitute the PeUuczd medium, But
fomewhat elfe, perhaps what we have lately fuppofed, and lliall by and
by further profecute and explain.
But,Firll: I fhall crave leave to propound fome other difficulties of his,
notwithll:anding exceedingly ingenious Hypothejs, which I plainly confefs
to me feem fuch; and thofe are,
Firll:, ift~at light be (as is affirmed, Diopt. cap. 1. §. 8.) not fo properly a motion,'as an ac:Hon or propenGon to motion, I cannot conceive
how the eY.e can come to be fenfible of the verticity of a Globule, which is
generated m a drop of Rain, perhaps a mile off from it. For that Globule is
not carry'd to the eye according to his formerly recited Principle; and if
not fo,I cannot conceive how it can communicate its rotation or circular
motion to the line ofthe Gl~hules between the drop and the ~ye. It cannot be by means of every ones turning the next before him; for if fo, then
onely all the Globules that are in the odd places mufi: be turned the fame

way
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way- with 'the firfr, namely, tbe 3~ 5· 7· 9~ I I, &c. but All the CT!obNler
interpolited between them in the even places; namely ,the 2 -4.6.8. 1 o.&c.
mull: be the <:]Uite contrary; whence, according to the Cartejian HJpothejis,
theremufr be no difiintt colour generated, but a confufton. Next,fince
theCttrtejan Globuli are fuppos'd (Principiornm Philofoph. Part. 3· §. 86.)
to be each of them continually in motion about their centers, I cannot
conceive how the eye is able to diilinguifh this new generated motion
nom tlteir former inherent one, ifl may fo call that other wherewith they.
are mov'd or turbi1rated, from fome other caufe than refraction. And
thirdly, I cannot conceive how thefe motions fhould not happen [ornetimes to oppoie each other, and then, in fiead of a rotation, there would
be nothing but a direfr motion generated, and confe<:]uently no colour.
And fourthly, I cannot conceive, how by the Cartejan I!Jpothejis it is pof.
1ible to give any plauftble reafon of the 11ature of the Colours generated
in the thin lamint£ of thefe our lllicroftopical obfervations; for in many of
thefe, the refracting and reflecting furfaces are parallel to each other,and
confequently no rotation c2n be generated, nor is there any neceffity of
a fhadow OT termination ofthe bright Rays, fuch as is fuppos'd (chap. 8.
§.5. Et preterea obfervavi Hfltbram quoque,aut limitationem /uminis requiri:
and Ch•P· 8. §. 9·) to be neceilary to the generation of any difl:infr colours; Befides that, here is oftentimes one colour generated without any
of the other appendant ones, which cannot be by the Cartejan HJ·

pothej.r.
There muft be therefore feme other propriety of refraction that caufes
colour. And upon the examination of the thing, I cannot conceive any
one more general, infeparable, and fufficient, than that which I have before affign'd. That we may therefore fee how exactly our HJpothejs
agreesalfo with the Phtenomena of the refracting round body, whether
Globe or Cylinder, we fhall next fubjoyn our Calculation or Examen
of it.
And to this end, we wH1 calculate any two Rays: as for infl:ance; let schr•.l.
·E F be a Ray cutting the R•dhu C D (divided into 20. parts) in G I 6. Fig . 3 •
parts difutnt from C, and ef another Ray, which cuts the fame Radi11s
iog 17. partsdifiant,thefe will be refraCted to K and Jv and from thence
retieCted toN and n, and from thence refraCted toward P and p; therefore the Arch Ff will be 5·d s'. The Arch F K lo6.d 3o'. the Arch f _.t
IOI.d 2'. The line F G 6ooo. and[ g 5267. therefore hf. 733· therefore
F c 980, almofi. The line F K i6o24. and[ k. I 5436. therefore N d I96.
and no 147 almofr,the line Nn IOI9 the Arch N n 5·d 51'. therefore
the Angle N no is 34·d 43'. therefore the Angle Non. is I39·d 56'~
which is almoft so.d more than a right Angle.
·
It is evident therefore by this H;pothej.r, that at the fame time that ef
touches f. E F is arrived at c. And by that time e f k. n is got to n,
E F KN is got to d, and when it touches N, the pulfe of the other Ray
is got to o; and no farther, which is very ihort of the place it ihould have
arriv·d to,to make the Ray n p to cut the orbiutlar p11!{e. No at right
Angles: therefore the Angl~ N tJ p is an acute Angle, but the quite con.;
trary
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trary of this will happen,if 17.and 18.be calculated in fiead of I6.and 17.
both which does moft exaCtly agree with the Phtenomena·: For if the Sun
or a Candle (which is better) be placed about E e, and the eye abou~
p p, the Rays E F ef. at 16. and I 7. will paint the fide .of the luminous
objelt toward n p Blue,and towards N P Red. But the qmte contrary wiJI
happen when E F is I 7. and ef I 8. for then towards N P fhall be a Blue
and towards n p a Red, exaCtly according to the calculation. And ther~
appears the Blue of the Rainbow, where the two Blue fides ~f t}le two
Images unite, and there the Red where the two Red fides umte, that is
where the two Images are jufl: difappearing; which is, when the Ray~
E F and N P produc'd till they meet,make an Angle of about 41. and an
half; the like union is there of the two Images in the ProduCtion of the
sccundarJ Iris, and the fame caufes, as upon calculation may appear;.
. on ely with this difference, that it is fomewhat more faint, by rcafon of the
. duplicate reflection, which does fllways weaken the impulfe the oftner
it is repeated.
Now, though the fecond refraCtion made at N n be convenient,that is,
do make the Rays glance the more, yet is it not altogether requifite; for
it is plain from the calculation, that the pulfe d n is fufficiently oblique. to
the Rays KN andftn,as welasthepulfefcis oblique to the Rays FK &f~
And therefore if a piece ofvery fine Paper be held clofe againfl: N nand
the eye look on it either through the Ball as from D, or from the other
- fide, as from B. there £hall appear a Rainbow, or colour'd line painted on
it with the part toward X appearing Red, towards 0, Blue ; the fame alfo
filall happen, if the Paper be placed about KIt, for towards T iliall a~
pear a Red, and towards V a Blue, which does exacrly agree with this my
HJpothejiJ, as upon the calculation of the progrefs of the pulfe will mofi:
eafily appear.
Nor do thefe two obferva tions of the colours appearing to the eye a·
bout p differing from what they appear on the Paper at N contradict each
other; but rather confirm and exaCtly agree with one another, as will be
evident to him that examines the reafons fet down by the ingeniouSi
Du Carte.r in the 12. set:l. of the 8. Chapter of his Meteor.r, where he
gives the true reafon why the colours appear of a quite contrary order
to the eye, to what they appear'd on the Paper if the eye be plac'din
freed ofthe Paper : And as in the Prifme, fo alfo in the Water, Drop~ or
Globe the Phtenomena and reafon are much the fame.
Having therefore fhewn that there is fuch a propriety in the prifole
and water G/ob11/e whereby the pulfe is made 1Jbliq11e to the progrefiive,
and that fo much the more, by how much greater the refraction is, I fhall
in the next place confider, how this conduces to the produCtion of co·
lours, and what kind ofimpreffion it makes upon the bottom of the eye;
and to this end it will be requifite to examine this HypothejJ a little more
particularly.
Firfi therefore, if we confider the manner of the progrefs of the pulfe,
it will feem rational to conclude, that that part or end ofthe pulfe which
precedes the other,mull: neceifaril y be fornwhat more Bbt11nded,or impeded
by
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by th~ re~ftance of the traqfparent ~edi1:m~ than the other part or end of
it whtch Js fubfequent, whofe way ts, as It were~ prepared by the other j
c:fpeci411ly if the adjacent medit~m be not in the f~me manner enlightnec\
9r agitated. And therefore( in the fourth Figure of the fi}}th Ico11i(nJ )the
R,ay .A A A B B wUI have its fide H B more deadned by the re.fifrance
of the dark or quiet 11tedium P P P, Whep~e there will be a ki11c! of deadnefs fuperinduc'd on the fide H B H, which will ~ontinually h~c1·eaf~ from
B, and {1:rike deeper and deeper into the Ray by the line BR; Whence
~11 the parts of the triangle, R B B 0 will be of~ dead Blue colmw, and
fa much the deeper, by how much the nearer they lie to the line Bii H,
whi<t:h ismofi deaded or impeded, and fo much the more di.lute, by how
much the nearer it approaches the line B R. Next on the other fide of
the Ray, A AN, the end A of the pulfe A H will be promoted, or made
{hanger, having its pafiage already prep:u' d as 'twere by the other parts
preceding,and fo its impreilicn wil be fironger;And becaufe pfits obliqui1) to the Ray,there will be proyagated a kind of faint motion intp QQ
the adjacent dark or quiet t~~ediu1;1, which faint motion will fpread furt\ler and further into Q Q as the Ray is propagated further and further
from A,namely,as far as the line M A, whence all the triangle MAN will
be ting'd with a Red, and that Red will be the deeper the nearer it approaches the line M A, and the paler or yeUowcr the nearer it is the line
N A. A11d if the Ray be continued,fo that the lines A N and BR (which
are the bounds of the Red and Bille dil11ted) do meet and crpfs each oth~r,
there will be beyond that interfeetion generated all kinds of Gr(Jens.
Now:thefe being the proprieties of every lingle refracted Ray oflight,
it will be eafie enoqgh to confider what mpft be the refult of yery many
fuch Rays collateral: As if we fitppafe infinite fuch Rays inte1jt~cu;t between A K S Band AN 0 B, which are the terminating: For in this cafe
the Ray A K S B will have its Red triangle intire ,as lying next to the dark
or quiet medium, but the other fide of it J3 S will have no Bhte, becaufe
the medium adjacent to it S B 0, is mov'd or enlightned,and confeqtJently that light does defrroy the colour. So likewife will the Ray AN 0 B
lofe its Red,becaufe the adjacent mediHm is mov'd or enlightned,but the
other fide of the Ray that is adjacent to the dark, namely, A H 0 will
preferve its 1J/1;e entire, and thefe Rays mufi be fo far produc' d as till
.AN and BR cut each other, before there will be any Green prod uc'd.
From thefe Proprieties well confider'd, may be deduc'd the reafoos of all
the Pheenomena of the prifme, and ofthe Globules or drops of Water which
conduce to the prQducrion of the Rainbow.
Next for the impreffion they make on the &tinfl, we will further exallline this Hjpqthefif: Suppofe therefore ABC 0 F;F)n the fifth Figu11e,
~o reprefent the Ball of the eye: on the Cornea of which A i G two
Rays G A C H and K C A I (which are the terminating Rays of a lu,mipousbody) ~alling, Jtre bythe refraltion thereof collected or cavverg'~
Jnto two potnts at the hottom of the eye. Now, becaufe tpefe termipa~ing Rays, and all the intermedillle ones which come from any part of
the lumipo~us bpdy) are fuppos'd by fDI1W kJffident rdi-afrion before they
enter

MIc R 0

G R .A p H I A.

enter the eye, to have their pulfes made oblique to their progreffion, and
confequently each Ray to have potentially fuperinduc'd two proprieties,
or colours,viz. a Red on the one flde, and a Bbte on the other, whtch not.
withfianding are never actually manifefr,butwhen this or that Ray has the
one or the other fide ofit bordering on a dark or unmov'd mediHm,therefore as foon as thefe Rays are entred into the eye:and fo have one fide of
each of them bordering on a dark part of the humours of the eye, they
will each of them actually exhibit fome colour; therefore AD C the produfrion G A C H will exhibit a Bbte,becaufe the fide CD is adjacent to the
dark medi1tmC QD C,but nothing ofa Red,becaufe its fide A Dis adjacent
to the enlightned medium AD FA : And all the Rays that from the points
ofthe luminous body are collected on the parts of the Reti~~;a between D
and F fhall have their Blue fo much the more diluted by how much the farther thefe points ofcollecrion are difrant from D towards F; and the Ray
A F C the produCtion ofK C A I, will exhibit a Red) becaufe the fide A F
is adjacent to th~ dark or q~iet ~nedium of the ~ye A P FA, but nothing
ofa Blue,becaufe Its fide C F Is adjacent to the enltghtned medium C F DC,
and all the Rays from the intermediate parts of the luminous body that
are collected between F and D fhall have their Red[o much the more diluted, by how much the farther they are difrant from F towards D.
Now,becaufe by the refracrion in the Corma,and tome other parts of the
eye, the fides of each Ray, which before were almofi parallel, are made
to ctmverge and meet in a point at the bottom of the eye, therefore that
fide ofthepul.fe which preceded before thefe refractions, iball firfitouch
the Retina~ and the other fide lafi. And therefore according as this or
that fide, or end of the pulfe fhall be impeded, accordingly will the impreffions on the Retina be varied; therefore by the Ray G A C H refraCl:ed by the Cornea to D there £hall be on that point a ihoke or impreffion confus'd, whofe weakefi end, namely, that by the line CD fhall precede, and the fironger: namely, that by the line AD fhall follow. And
by the Ray K CAl refracred to F, there £hall be on that part a confus'd
{hoke or impreffion,whofe firongefi part,namely,that by the line C F £hal
precede, and whofeweakefior impeded, namely, that by the line A F
thall follow, and all the intermediate points between F and D will r~
ceive impreffion from the converg'd Rays fo much the more like the im·
preffions on F and D by how much the nearer they approach that
or this.
From the confideration of the proprieties of which impreffions,we may
collecr thefe fbort definitions of Colours : That Blue 'k an impreffion '"
the Retina of an oblique and confus'd p1tl[e of light, whofe wealzeft part prccede.r, and whofeflrongefl fol/QJ'Ps. And, that Red 'k an imprejjion 011 theRe·
tinll of an obliqHe and confus'dpulfe of light, who.fc flroNgefl part precedes,and
whoft weak..efl follows.
Which proprieties,as they have been already manifefied,in the Prifme
and falling drops ofRain, to be the caufes ofthe colours there generated,
may be eafily found to be the efficients alfo of th€ colours ~appearing ib
thin laminated tranfparent bodies; for the explication ofwhich,all this has
been premifed.
And
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And that this is fo.l a little clofer examination of the Ph...£n8mcna and
the Figureofthe body, by this Hypothrjs, will make evident.
For firfi: (as we have already obferved) the laminated bodymufi be
of a determinate thicknefS, that is, it mufr not he thinner then fuch a de.:
termin~te q;1antity; for I ?ave ~lways obferv'd~ that neer the edges
of thofe ~hich are exc:edmg !hm, the colours difappea~, and the pan
grows white; nor mull: It be thicker then another determ~nate quantity;
for I have likewife obferv'd, that beyond fi1ch a thiclmefs,no colours ap·
pear'd, but the Plate looked white, between which two determinate
thickne!fes were all the colour' d Rings; of which in forne fubfi:ances 1
have found ten or twelve, in others not half fo many, which I fuppofe de~
pends much upon the tranfparency of the lamhzated body. Thus though
the confecutions are the Gme in the fcumm or the fkin on the top of metals; yet in thofe confecutions the fame colour is not fo often repeated
as in the confecutions iu thin Glafs, or in Sope-water, or any other more
tranfparent and glutinous liquor; for in thefe I have obferv' d, Red, Tellow, Green, Blue, Purple; Red,reUow,Green,B/ue, Purple; Red,Yellow,Gree»,
Blue, Purple ~ Red, TeUow, &c. to fi1cceed each other,ten or twelve times,
but in the other more opacous bodies the confecutions will not be half
fo many.
And therefore fecondly, the lamin4ted body mull: be tranfparent, and
this I argue from this, that I have not been able to produce any colour
at all with an epac11us body ,though never fo thin. And this I h:J.Ve ofton
try'd, by preffing a fmall Globule of Mercury between two fmooth Plates
of Glafs, whereby I have reduc'd that body to a much greater thinnefs
then was requifite to exhibit the colours with a tranfpare~t body.
Thirdly ,there mull: be a confiderable refleCting body adjacent to the
under or further fide of the lamina or plate • for this I always found, that
the greater that refleCtion was, the more vivid were the appearing
colours.
From which Obfervations,it is moll: evident, that the refleCtion from the .
under or further fide of the bodyis the principal caufe ofthe production of
thefe colours; which,that it is fo,and how it conduces to that effecr,I fhall
further explain in the following Figure,which is here defcribed of a very
great thicknefs, as ifit had been view'd through the 1/dicrofcope; and 'tis
indeed much thicker than any Microfcope(l have yet us'd)has been able to
fuew me thofe colour'd platc:s of Glafs, or M1tflovie-gl~~.fs, which I have not
without much trouble view' d with it; for though I have endeavoured to
magnifie them as much as the G.lafies were capable of, yet are they fo ex..
ceeding thin, that I have not hitherto been able pofitively to determine
their thicknefs. This Figure therefore I here reprefent, is wholy Hy-<
p1thctical.
Let ABC D H FE in the fixth Figure be a [r1qbmt of M1tflovy-glaft,
thinner toward the end A E, and thicker towards D F. Let us firQ fup -<
pofe the Ray a g h b coming from the Sun, or fomc remote luminous
objett to fall ohliqt~t!J on the thinner plate BA E, part therefore. is re..
fiefied back, by c g h d, the firfi St~ptrjicicJ'; whereby the pe~pendtcular
.L
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pulfe a b is after reflection propagated by c d, c d, equaii y remote from
each other with a b, a h, fo that a~~ + gc, or b h + h d are either of
them equal to a a, as is alfo c c, but the body B A E being tranfparent a
part of the light of this Ray is refracted in t~e. furface A B, and prop~
gated by g i fth to the furface E F, whence It ts refleCted and refracted
again by the furface A B. So that after two refractions and one reflection
there is propagated a kind of fainter Ray e »t n f, whofe pulfe is not on~
ly weaker by reafon of the two refractions in the furface A B, but by reafan of the time fpent in paffing and repatling between the two furfaces
A B and E F, ef which is this fainter or weaker pulfe comes behind the
pulfe c d ; fo that hereby (the furfaces A B, and E F being fo neer together, that the eye cannot difcriminate them from one) this confus'd or
duplicated pulfe, whofe frrongefr part precedes, and whofe weakefr follows, does produce on the Retina (or the ~pticft nerve that covers the
bottom of the eye) the fenfation ofa Yellow.
And fecondly, this YeUow will appear fo much the deeper, by how
much the further back towards the middle between c d ~nd c d the fpu·
rio us pulfe ef is remov'd, as in 2 where the furface B C being further
remov'd from E F, the weaker pulfe ef will be nearer to the middle, and
will make an impreffion on the eye of a Red.
Butthirdly, if the two reflecting furfaces be yet further remov'd afunder 1 (as in 3 CD and E F are) then will the weaker pulfe befo farr
behind, that it will be more then half the difiance between c d and c d.
And in this cafe it will rather feem to precede the following fironger
pulfe, then to follow the preceding one, and confequently a Bllte will be
generated. And when the weaker pulfe is ju£1: in the middle beween two
flrong ones, then is a deep and lovely Purple generated ; but when the
weaker pu1fe ef is very neer to c d, then is there generated a Green,
which will be bluer, OrJeUower, according as the approxi»tate weak pulfe
does precede or follow the frronger.
Now fourthly, ifthe thicker Plate chance to beclefi: into two thinner
Plates, as CD FE is divided into two Plates by the furface G H then
from the compofition arifing from the three reflections in the furfaces
CD, G H, and EF, there will be generated feveral compounded or mixt
colours, which will be very differing, according as the proportion be·
tween the thickneffes of thofe two divided Plates CD H G, and G H FE
are varied.
And fifthly, if thefe furfaces CD and FE are further remov'd afunder,
the weaker pulfe will yet lagg behind much further, and not andy be
coincident with the fecond, c d, but Iagg behind that alfo, and that fo
much the more, by how much the thicker the Plate be;. fo that by d~
grees it will be coincident with the third c d backward alfo, and by de..
grees, as the Plate grows thicker with a fourth, and fo onward to a fifth,
fixth, feventh, or eighth; fo that if there be a thin tranfparent body,that
from the greatefr thinnefs requifite to produce colours) does, in the man·
ner of a Wedge,by degrees grow to the greatefl: thicknefs that a Plate can
be of,to exhibit a colour by the refleCtion ofLight from fuch a body,there
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nlall be generated feveral confecutions of colours, whofe order from the
thin end towards the thick, fhall be YeUow,Red) Purple, Blue ,Green; Yellow,
Hed,PNrpk,Bhte,Green; Yellow)Red,Purple,Bbte,Green; TeUow,&c. and thefe
fo often repeated, as the weaker pulfe does lofe paces with its Pri111ary .
or firtt pulfe, and is coincident with a fecond, third, fourth,fifth fixth.&c:
fUlfe behind the firfi. And this, as it is coincident, or follow~ froni the
firfi Hypothejis I took of colours,fo upon exerirhent have I found itiu multitudes of inll:ances that feem to prove it. One thiug which feems of the
greatefi concern in this Hypothejis, is to determine the greatefr or leafr
thicknefs requifite for thefe effeCts, which, though I have not been wanting in attempting, yet fo exceeding thin are thefe coloured Plates, and fo
imperfetl: our Microfcope"that I have not been hitherto fuccefsfull,though
if my endeavours fhall anfwer my expetl:ations,I iliall hope to gratifie the
curious Reader with fome things more remov' d beyond our reach
hitherto.
Thus have I, with as much brevity as I was able, endeavoured to explic~te (H]pothctically at lea~) the cau~es of the Phtenoi/Jena I formerly recited, on the confideratiOn of whxch I have been the more particular.
Firft, becaufe I think thefe I have newly given are capable of explicating all the Ph£nomena of colours, not oneJy of thofe appearing in the
Pr~{lne, Water-drop, or Rainbow, and in laminated or plated bodies, but
of all that are in the world, whether they be fluid or folid bodies, whether in thick or thin, w~ether tranfparent, or feemingly opacous, as I
fhallinthenext Obfervauonfurtherendeavourto iliew. And fecondly,
becaufe this being one of the two ornaments of all bodies difcoverable
by the fight, whether looked on with, or without a Microfcope, it feem'd
to deferve (fomewhere in this Tract, which contains a defcription of the
Figure and Colour of fome minute bodies) to be fomewhat the more in.;
timately enquir'd into.

Obferv. X. Of Metalline, and other real Colours.
Aving in the former Difcourfe, from the Fundamental caufe of Colour, made it probable, that there are but two Colours, and iliewn,
that the Phantafm of Colour is caus' d by the fenfation of the oblique or
uneven pulfe of Light which is capable of no more varieties than two
that arife from the two fides of the oblique pulfe, though each of thofe
be capable of infinite gradations or degrees (each of them beginning
from White, and ending the one in the deepefr Scarlet or Yellow, the other
in the deepefi Blue) I iliall in this sel1ion fet down fome Obfervations
which I have made of other colours, fuch as Meta/line powders tinging
or colour'd bodies and feveral kinds of tintl:ures or ting'd liquors, all
which, togetherwith thofe I treated ofin the former Obfervation~will)
I fuppofe, comprife the feveral fubjecrs in which colour is obferv'd to
be inherent, and the feveral manners by which it inheru, or is appare~?t
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in them. And here I fuall endeavour to fbew by what compolition all kind
of compound colours are made, and how there is no colour in the world
but may be made from the various degrees of thefe two colours, together
with the intermixtures of Blacft and White.
And this being fo; as I fball anon fbew, it feems an evident argument
to me, that all colours whatfoever, whether in fluid or folid, whether
in very tranfparent or feemingly opacoui, have the fame efficient caufe,
to wit fom~ kind of refraCiion whereby the Rays that proceed
from fu~h bodies, have their pulfe obliquated or confus'd in the manner I
explicated in the former seC/ion; that is, a Red is caus'd by a duplicated
or confus'd pulfe, whofe firongefi: pulfe precedes,and a weaker follows:
and a Blue is caus'd by a confus' d pulfe,where the weaker pulfe precedes
and the fi:ronger follows. And according as thefe are, more or Iefs, o;
varioufly rnixt and compounded, fo are the fenfotiotu, and confequently
the phantafou of colours diverfrjied.
To proceed therefore; I fuppofe, that all tranfparent colour'd bodies,
whether fluid or folid, do confifi: at leafi: of two parts, or two kinds of
fubfi:ances, the one of a fubfi:ance of a fomewhat differing rifratJion from
theo"ther. Thatone of thefe fubfiances whichmay be call'dthetinging
fubfi:ance, does confifi: of difi:incr parts, or particles of a determinate big·
nefs which are dijfeminated, or difpers'd all over the other : Th~t theie
particles, if the body be equally and uniformly colour'd, are evenly
rang'dand difpers'd over the other contiguous body; That where the
body is deepdl: ting'd, there thefe particles are rang'd thickefi; and
where 'tis but faintly ting'd, they are rang'd much thinner, but uniformly.
That by the mixture of another body that unites with either of thefe,
which has a differing refraCtion from either of the othe:J;", quite differing
effeCts will be produc' d,that is,the confecutiom of the confus·d pulfes wiH
be much of another kind, and confequently produce other fenfation.r and
phantafms of colours., and from a Red may turn to a Blue, or from a Blue
to aRed,&c.
Now, that this may be the better underfiood, I fball endeavour to explain my meaning a little more fer;tfible by a scheme : Suppofe we therefore in the feventh Figure of the fixth scheme, that A B CD reprefents a
Veffel holding a ting'd liquor, let I I I I I,&c. be the clear liquor,and let
the tinging body that is mixt with it be E E, &c. F F, &c. G G, d·c.
H H, &c. whofe particles (whether round, or fome other determinate
Figure is little to our purpofe) are firfr of a determinate and equal bulk.
Next, they are rang' d into the form of ffl!!incunx, or EtptilaterotriangJt·
lar order,which that probably they are fo,and whythey are fo,I fhall el~·
where endeavour to lhew.Thirdly,they are of fuch a nature,as does either
more eafily or more difficultly tranfmit the Rays of light then the liquor;
ifmore eafily,a Blue is generated, and if more difficultly, a Red or ScArlet.
And firfi, let us fuppofe the tinging particles to be of a fubfi:ance that
does more impede the Rays of light , we fhall find that the pulfe or
wave oflightmov'dfrom AD to B C, will proceedon,through the con·
taining medium by the pulfes or waves K K, L L, M M, N N, 0 0; but
becaufe
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becaufe feveral ofthefe Rays that g? t? tke co.nfiitution of thefe pulf~s
will be Hugged or flopped by the tmgmg particles E,F,G,H; therefore
there iliall be a fuundarJ o.nd weak pulfe that fhall follow the Ray namely P. P ~hich w!ll be t.he wea~er: fitfi, becaufe it has fuffer:d m~ny re-:
frachons m the 1mpedmg body; next, for that the Rays will be a little
difpers· d or confus' d by renfon ofthe refi·atl:ion in each of the particles
whtther round or angular; and this wiJl be more evident, if WQ a Iittl~
more clofeJy examine any one particular tinging Globule.
Suppofe we therefore A Bin the eighth Fg11re of the fixth Scheme to
teprefent a tinging Globule or particle which has a greater refratl:ion than
the liquor in which it is contain'd: Let CD be a part of the pulfe of light
which is propAgated through the containing medi11m; this pulfe will be a
little fiopt or impeded by the GlobHle, and fo by that titne the pulfe is
pafi toE F that part of it which has been impeded by palling through the
Globule, will get but to L MJ and fo that pulfe which has been propagated through the Globule, to wit, L M, N 0, P Q, will always come
behind the pulfes E F, G H, I K, &c.
Next, by reafon of the greater impediment in A B, and its GloiJII!ar Figure, the Rays that pafs through it will be difpers' d, and very much fcat.:
ter'd.Whence C A and DB which before went direlJ and parallel,will after
the refraCl:ion iu A B, diverge and fpread by A P, and B Q; fo that as the
Rays do meet with more and mor~ of thefe tinging particles in their
way, by fo much the more will the pulfe of light further lagg behind
the clearer pulfe, or that which has fewer refraC'cions, and thence the
deeper will the colour be, and the fainter the light that is ttajefred
through it; for not onely many Rays are refleCl:ed from the furfaces of
A B, but thofe Rays that get through it ate very much diiordered.
By this Hypohejii there is no one experiment of colour that l have yet
met with, but may be, I conceive, very rationabl y fol v' d, and perhaps,
had I time to examine feveral particulars requifite to the dernonfiratiod
of it, I might prove it more than probable, for all the experiments about
the changes and mixings of colours related in the T reatife of Colours,
publifhed by the IncoiJJparable Mr. Boyle) and multitudes of others which
I have obferv' d, do fo eafily and naturally flow from thofe principles,that
I am very apt to think it probable, that they own their produCl:ion to no
other fecundary caufe : As to in fiance in two or three experiments. In the
twentieth Experiment, this Noble .Authout has fliewn that the deep blui.fh
purple-colo~tr of Violets, may be turn'd into a GreeltJ by Alcalizate Salts:)
and to a Red by ~tcid; that is, a Purple confifis oftwo colours, a deep Red,
and a deep Bbte; when the Bhte is diluted, or altere9, or defiroy·d by
11cid s alts,the Red becomes predominant, but when the Red is diluted by
..A./ca/iz.ate, and the IJIHe heightned, there is generated a Green; for of a
Red diluted, is made a TeUow, and Tel/ow and Blue make a Green.
Now, becaufe the jjmrioiH pulfes which caufe a Red and a Bbte, do the
one follow the clear pulfe, and the other precede it, it ufually follows,
that thofe saline refracting bodies which do dilute the colour of the one,
do deepen that of the other. And this will be made manifefi: by al•
mofi
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mofr aU kinds of Purples, and many forts of Greens, both thefe colours
confifiing ofmixt colours:, for if we fuppofe A and A in the ninth Figure;
to reprefent two pulfes of clear light, which follow each other at a convenient difiance, A A, each ofwhich has a f]>urious pulfe preceding it, as
B B, which makes a Blue,and another following it, as C C, which makes a
Red, the one caus' d by tinging particles that have a greater refrall:ion,the
other by others that have a lefs refracting quality then the liquor or
Menftruum in which thefe are diffolv' d, whatfoever liquor does fo alter
the refraction of the one, without altering that of the other part of the
ting'd liquor, mufi: needs very much alter the colour of the liquor 5 for
ifthe refraction of the dijfolvent be increas'd, and the refraction of the
tinging particles not altered, then will the preceding J]>uriou.r pulfe be
fhortned or fiopt, and not out-run the clear pulfe fo much ; fo that B B
will become E E, and the Blue be diluted, whereas the other J]>uriou~
pulfe which follows will be made to lagg much more, and be funher behind A A than before, and C C will become f f, and fo the TeUOJIJ or
Red will be heightned.
·
A saline liquor therefore,mixt with another ting'd liquor,may alter the
colour of it feveral ways, either by altering the refraction ofthe liquor in
which the colour fwims: or fecondly by varying the refraction of the coloured particles, by uniting more intimately either with fome particular
corpufcles of the tinging body, orwith all of them, according as ithasa
congruity to fome more efpecially, or to all alike: or thirdly, by uniting
and interweaving it felf with fome other body that is already joyn'd
with the tinging particles, with which fubfiance it may have a congruiiJ,
though it have very little with the particles themfelves : or fourthly, it
may alter the colour of a ting'd liquor by dif-joyning certain particles
which were before united with the tinging particles, which though they
were fornewhat congruous to thefe particles, have yet a greater congruitj
with the newly infus'd saline menftr1tum. It may likewife alter the colour by further diffolving the tinging fubftance into fmaller and fmaller
particles, and fo diluting the colour; or by uniting feveral partic/e.r together as in precipitations, and fo deepning it, and fome fuchotherways,
which many experiments and comparifons of differing trials together,
might eafily inforin one o£
From thefe Principles applied , may be made out all the varieties
of colours obfervable, either in liquors, or any other ting'd bodies!i with
great eafe, and I hope intelligible enough, there being no~hing in the notion of colour, or in the fuppos'd producrion,but is very conceivable, and
may _be poffible.
The greateft difficulty that I find againfi this Hypothifis, is, that there
feem to be more difiinfr colours then two, that is, then Yellow and Blue.
This Objection is grounded on this reafon, that there are feveral Reds,
which diluted, make not a Saffron or pale Yellow, and therefore Red, or
Scarlet feems to be a third colour difiintl: from a deep degree of Yellow.
To which I anfwer, that Saffron affords us a deep Scarlet tintl:ure,which
may be di!Hted into as pale a Yellow as any) either by making. a weak fo-
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luti~:m of the ~affr?~' by infi~ftng a fmall parcel o.fit into a great quantity
ofhq~or, asm f_pmt of Wme, ~r elfe by look~ng thr~ugh a very thin
quantity of the tmcrure, and which may be he1ghtn'd Into the Ioveliefi:
Scar!et,by looking ~hro~gh ~ v~ry thi~k body of thi~ tintl:u~e,or through
a thmner parcel of u,wh1ch IS highly zmpregnated wuh the tinging body
by having had a greater quantity of the Saffron difiolv' d in a fmaller par~
eel of the liquor.
Now, though there may be fome particles of other tingihg bodies that
give a lovely Scarlet alfo, which though diluted never fo much withJiquor.
or looked on through never fo thin a parcel of ting'd liquor,will not ye~
afford a pale Yell ow, but on ely a kind of faint Red; yet this is no argument but that thofe ting' d particles may have in them the faintdl: degree of
Yell ow ,though we may be unable to make them exhibit it;F'or that power
of being diluted depending upon the divifibility of the ting'd body, if I
am unable to make the tinging particles fo thin as to exhibit that colour
it does not therefore follow,that the thing is impoffible to be dbne 5now:
the ringing p:uticles of fome bodies are of fuch a nature, that unlefs there
be found iome way of comminuting them into lefs bulks then the liquor
does difiolve them into, all the Rays that pafs through them mull: neceffarily receive a tincture fo dee-p, as their appropriate refracrions and bulks
compar'd with the proprieties of the difiolving liquor mull: neceffarily
difpofe them to emprefs, which may perhaps be a pretty deep Yellow,
or pale Red.
And that this is not gratis dillum, I lhall add one in fiance of this kind,
wherein the thing is moO: manifefi.
If you take Blue Smalt, you fhall find, that to afford the deepefi Blue,
which cteteri.r paribm has the greatefl: particles or fands; and if you fur•
thet divide, or grind thofe particles on a Grindfl:one, or porphyry fione,
you may by commimtting the fands of it, dilute the Blue into as pale a one
as you pleafe, which you cannot do by laying the colour thin; for wherefoever any lingle particle is, it exhibits as deep a Blue as the whole mafs.
Now, there are other Blues, which though never fo much ground, will
not be diluted by grinding, becaufe conftfl:ing of very fmall particles, very deeply ting' d,they cannot by grinding be actually feparated into fmaller particles then the operation of the fire, or fome other diffolving menflruum,has reduc' d them to already.
Thus all kind of Meta/line colours, whether precipitated, foblim'd, cal.cin'd, or othenyife prepar'd, are hardly chang'd by grinding, as ultrd
marine is not more diluted; nor is Fermi/i(Jn or Red-lead made of a more
faint colour by grinding; for the fmallefi particles of thefe which I have
view'd with my greatefi Magnifying-Glafs, ifthey be well enlightned~ appear very deeply ting'd with their peculiar colours; nor, though I have
magnified and enlightned the particles exceedingly, could I in many of
them, perceive them to be ttanfparent> or .to be whole particles, but the
fmallefl: fpecks that I could find among well ground Vermilion and Red.lead, feem' d to be a Red mafs, compounded of a multitude oflefs and Ids
motes, which fl:icking together,compos'd a bulk, not one thoufand thoufa.ndth part of the fmalleft vifible fand or mote.
And

M IcR0

GRApH I A.

And this I find generally in mofi: Meta/line colours, that though they
confifi: of parts fo exceeding!¥ fmall,yet are t~ey very deeply ~ing' d,~hey
being fo pondf:rous, and having fuch a multitude of terreftrtal particles
throng'd into a little room; fo that 'tis difficult to find any panicle tran{:
parent or refembling a pretious fione, though not impoffible; for I have
obferv'd divers fuch Lbining and refplendent colours intermixt with the
particles of Cinnaber, both natural and artificial) before it hath been
grmmd and broken or ftaw'd into Yermi/iin: As I have alfo in Orpi11Jent,
Red-lead, and Bife, which makes me fuppofe, that thofe met~tUine colours
are by grinding, not onely broken and feparated atl:ually into fmaller
pieces, but that they ar~ alfo flaw'd and brufed ,whence they, for the
moft pan,become opacou.r,like flaw'd Cryftal or Glafs,&c. But for Smalls
and verditNre.r, I have been able with a Microfcope to perceive their particles very many of them tranfparent.
Now, that the othenalfo may be tranfparent, though they do not appear fo to the Microfcope,may be made probable by this Experiment : that
if you take ammel that is almofi opacotu, and grind it very well on
a PurphyrJ, or Serpenti1te, the fmall particles will by reafon of their flaws,
appear perfectly opacous; and that 'tis the flaws that produce this DpactJ1t[nef, may be argued from this, that particles of the fame Ammel ~uch
thicker ifunflaw'd will appear fomewhat tranfparent even to the eye;
and from this alfo, that the mofitranfparent and clear Cryfial, if heated
in the fire, and then fuddenly quenched, fo that it be all over flaw'd,
will appear opacou.r and white.
And that the particles ofMeta/line colours are tranfparent,may be a~
ed yet further from this>that the Cryfials,or Vitrio!J ofall Metals,are traDf..
parent, wpich fince they confifi of metaUine as well as [aline particles,
'thofe metaUine ones mufi be tranfparent, which is yet further confirm'd
from this, that tht:y have for the mofi part, appropriate colours; fo the
vitrit~l of Gold is Yellow ; ofCopper,Bl ue,and fometimes Green; of Iron,
green; ofTinn and Lead, a pale White; ofSilver,a pale Blue,&c.
And next,the Soluti~n ofall Metals into menflr~tums are much the fame
wjth the Yitrio!J? or Cryfials. It feems therefore very probable, that
thoie colours which are made by the precipittttion of thofe particles out
of the menftntums by tranfparent precipitating liquors fbould be tranfpa·
rent alfo. Thus Gold precipitates with oyl ofTartar, or.fPirit ojVri11e into a brown Yellow. Copper with fpirit of Vrine into a Mucous blue,
which retains its tranfparency. A folution of fublimate (as the iame ll·
lufirious Authour I lately mention'd lhews in his 40. Experiment) pr«ipi·
tates with oyl of Tartar per deliqui~tm, into an Orange colour'd preti·
pitate; nor is it Ids probable, that the calcination of thofe Vitrio!J by
~he fire,fhould have their particles tranfparent: Thus St~cc~tt"H1Jt SlltNrlli,
or the Vitriol of Lead by calcination becomes a deep Orange-colour'd
•i1ti~t1JI,which is a kind of precipitati01t by fome Salt which proceeds from
the fire; common VitriDl calcin'd, yields a deep Brown Red, &c.
A third Argument, that the particles of Metals are tranfparent, is, that
bein& clllcin'd, and melted with GlatSJ they tinge the Glafs with tranfpa·
rent
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rent ·colours. Thus the Calx of Silvertinges the Glafs on which it is anneal' d with a lovely Yell ow ,or Gold colour,&c.
And that the parts of Metals are tranfparent, may be farther argued
from the tranfparency of Leaf-gold, which held againfi the light, both
to the naked eye, and the Microfcope, exhibits a deep Green. And
though I have never feen the other Metals laminated fo thin, that I was
able to perceive them tranfparent, yet, for Copper and Brafs, if we had
the fame conveniency for laminating them,as we have for Gold,we might,
perhaps,through fuch plates or leaves,find very differing degrees ofBlue,
or Green; for it feemsvery probable, that thofe Rays that rebound from
them ting'd, with a deep Yellow, or pale Red, as fiom Copper, or with
a pale Yellow,as from Brafs, have pafi through them; for I cannot conceive how by reflection alone thofe Rays can receive a tincture, taking
.
any Hypothejis extant.
So that we fee there may a fufficient reafon be drawn from thefe infrances, why thofe .colours which we are unable to dibtte to the palell:
Yell ow, or Blue,or Gn:en, are not therefore to be concluded not to be a
dteper degree of them; fer fuppofing we had a great company of fmall
Globular efience Bottles,or roundGlafs bubbles~about the bignefs of aWalnut, fill'd each of them with a very deep mixture of Saffion, and that
every one of them did appear of a deep Scarlet colour, and all of. them
together did exhibit at a difiance, a deep dy'd Scarlet body. It does not
follow,becaufe after we have come nearer to this congerie.r,or mafs,and di~
vided it into its parts, and examining each of its parts feverally or apart.)
we find them to have much the fame colour with the whole mafs; it does
not, I fay, therefore follow, that if we could breJk thofe Glohttle.r frnalier,
or any other ways come to fee a frnaller or thinner parcel of the ting'd
liquor that fill'd thofe bubbles,that that ting'd liquor mull: always appear
Red, or of a Scarlet hue, fince if Experiment be made)the quite contrary
will enfue; for it is capable of being dil11ted into the paleO: Yellow.
Now,that I might avoid all the Objections of this kind, by exhibiting
an Experiment that might by ocular proof convince thofe whom othet
reafons would not prevail with, I provided me a Prifm~t.tir:al Glajf, made
hollow) jull: in the form of a Wedge, fuch as is reprefented in the tenth
Figure of the fixth Scheme. The two paraUe!ogranJ fides ABC D, ABE F,
which met at a point, were made of the cleare!l: Looking-glafs plates well
ground and polifh'd that I could get;thefe were joyn'd with hard cement
to the triang1elar fides,B CE, AD F, which were of Wood; the Par11Ue/o.;.
gram bafe B C E F, likewife was of Wood joyn' d on.to the refi with hard
cement, and the whole Prifmatical Box was exaCtly fiopt every where,
but on ely a little hole near the bafe was left, whereby the Ve£fel could be
fill'd with any liquor, or emptied again at pleafure.
One of thefe Boxes (for I had two of them) I fill' d with a pretty deep
tincture of AliJes, drawn onely with fair Water, and then ftopt the hole
with a piece ofWax, then,by holding this Wedge againfi the Light, and
looking through it, it was obvious enough to fee the tincture ofthe liquor
near the edge of the Wedge where invas but very thin, to be a pale but
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well eolour·d Yellow, and further and further from the edge, as the }i..
quor grew thicker and thicker,this tinCture appear'd deeper and deeper,
fothat near the blunt end,which was feven Inches fromthe edge and three
Inches and an half thick; it was of a deep and well colour'd Red. Now,
the clearer and purer this tincrure be, the more lovoly will the deep
Scarlet be, and the fouler the tinCture be, the more dirty will the Red
appear; fo that fome dirty tinCtures have afforded their deepell: R.ed
much of the colour of burnt Oker or spanifh brown;others as lovely a CQ4
lour as f/ermilion, and fome much brighter; but feveral others, according
as the tintl:ures were worfe or more foul, exhibited various kinds ofR.eds,
of very differing degrees.
The other of thefe Wedges> I fill' d with a _moll: lovely tincture ofCopper, drawn from the filings of it,with fpirit ofVrine, and this Wedge held
as the former againft the Light, afforded all manner of Blues, from the
faintefr to the deepefr,fo that I was in good hope by theie two,to have produe' d all the varieties of colours imaginable ; for I thought by this means
to have been able by placing the two P araUelogrant fides together, and
the edges contrary ways, to have fo mov'd them to and fro one by another,
as by looking through them in feveral places, and through feveralthick·
nefics, I fhould have compounded, and confequently have fc:en all thofe
colours, which by other like ccmpofitions of colours would have enfued.
Butinfreed of meeting with what I look'd for, I met with fomewhat
more admirable; and that was, that I found my felfutterly unabletofee
through them when placed both together, though they were tranfparent
enough when afunder ; and though I could fee through twice the thick·
nefs, when both of them were fill'd with the fame colour'd liquors, whC!·
ther both with theYell ow, or both with the Blue, yet when one was fill'd
with die Yell ow, the other with the Blue,and both looked through, they
both appear'd dark, onely when the parts near the tops were look'd
through, they exhibited Greens, and thofe of very great variety:> as I ex..
peCl:ed:>but the Purples and other colours,! could not by any means make,
whether I endeavour'd to look through them both againfi the Sun, or
whether I plac'd them againfi the hole of a darkn~d room.
But notwithftanding this mif-gheffing, I proceeded on with my trial ia
a dark room, and having two holes near one another, I was able, by
placing my Wedges againft them_,to mix the ting'dRays that pafr through
them, and fell on a tbeet of white Paper held at a convenient difrance
from them as I pleas'd; fo th<tt I could make the Paper appear of what
eolour I would ,by varying the thickneifes of theW edges,and confequcnt•
ly the tincture of the Rays that paft through the two holes, and fomc.
times alfo by varying the Paper, that is, infieed of a white Paper,holding
agray, ora black piece ofPaper.
Whence I experimentally found what I bad before imagin' d, that all
the varieties of colours imaginable are produc'd from feveral degrees of
thefe two colours, namely, Yellow and Blue, or the mixture of them
with light and darknefs, that is, white and black. And all tbofe almofr
infinite varieties which Limners and Painters are able to make by com·
pounding
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pounding thok feveral colours they J~y on their Sbds or Pllllfdl, are i1o.:.
thing. elfe, but fume ~t!mp'.Jitrt•, made up offome one or more, or all of
thefe four.
.
Now,whereas it may here a~in be objecred,that neither tan the 1\cds
be made our of the Yellows, added together ,or laid (l)Il in greater ot Ids
quantity, nor can theY ellow& be made out of the Reds though laid n~
ver fo thin ; and as for the addition of White or Black, they do noth1ng
but either whiten or dark~n the ~olours to which rhty are added,and not:
at all make them of any other kmd of colour: as for infra nee, Ticrt»ilian,
by being temper'd with White Lead~ does not at all grow more Yell ow
but onely th~re is m~dc a whiter kind of Red. Nqr does Yellow o.k_er:
though laid never fo thick, produce the colour Qf 1/'tt'lltilion, nor though
it be temper>d with Black, does it at ~11 tn~ke a Red; nay, though it be
temyer'd with White, it ~ill,not afford a fainte:.r kind ofYellow,. fi1ch as
majticut, but onely a whtten d Yellow; nor will the Blues be dtluted or
deep ned after the manner I fpt:ak of, as Indico will n¢ver afford fo fine a
Blue as Vltramarine or Bife; nor will it,temper'd with f/ermili01t,'ever af..
ford a Green,though each of them be never fo much temper' d with white.
To whkh I anfwer, that there is a great difference between dilutiNg a
colour and whitening ofit; for cli/uting a ~olour, istomake the colour'd
parts more thin, fo that the ting'd light, which is madt by trajecHng
thofe ting,d bodies, does not receive 1o deep a tiniture; but whitening
a colour is onely an intermixing of many dear reftecrions of light
among the fame ting' d parts ; deepning al1o, and dark11ing or blacki ng a
colour, are very different ; for deepning a colour, is to make the light
pats through a greater quantity of the fame tinging body ; and darkning
or blacking a colour, is onely interpofing a multitude of dark or bJack
fpots among the fame ting'd pans, or placing the colour in a more faint
light.
Firfi therefore,as to the former of thefe operations,that is,diluting and
deepning, mofr of the colours us'd by the Limners and Painters are in~
capable of, to wit, Vermilion and Rcd~tu.d, and O~r, bec:tufe the 6ng'd
parts are iO exceeding frnall, that the moll: curious Grindfiones we have;
are not able to feparate them into parts actually divided fo fmall as the
ting'd parricl~s are; for looking on the mofc curioully ground Vcrmi/itJ11, and OA!r, 2nd IUd~lead, I could perceive that even thofe fmall
cbrpufcks of the bodies they t~ft w~re compounded ofmany pieces, that
is, th~y feem•.d to be fmall pieces compounded of a multitude of lefier
ting'd parts: each piece feeming almofi like a piece ofRed Glafs,or ting'd
Cryftal all flaw'd ; fo that unlefs the Grindftone c.ould adually divide
them into fmal1<!r pieces then thote flaw' d particles were, which com..
pounded that ting,d mote I could fee with my Microfcope, i~ would be
impoffible to J.ilHte the col9ur by grinding, which, be~aufe the finefr we
have will not reach to do in f!'ermilitm or Ok.!r, tberefote they cannot at
all, or very hardly be J.ilttted.
Other colours indeed, whofe ting' d particle~ at~ fuch as may be made
linaUer, by grinding th~ir_colour, may be dilHted. Thus feveral of the
L
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Blues may be diltt!ed)as Smalt and Bife; and l/l!tifiicut, which is Yellow,may
be made more famt : And even Vermilion it f~lf ~ay ,~.by too niuch grind~
ing, be. brought to the colour of Red-lead, whtch 1s but an Orange colour,
which1s confefi by all to be very much upon the Yellow. Now, though
perhaps fomewhat of this diluting of Vermilion by overmuch grinding·
may be attributed to the Grindfione, or muller, for that fomc: of their
parts' may be worn off and mixt with the colour, yet there feems not ve-ry much, for I have done it on a Serpentine-fione with a muller made ofa
Pebble, and yet obferv'd the fame effeCt follow.
And fecondly, as to the other of thefe (\perations on colours, that is,
the deepning of them, Limners and Painters colours are for the mofr part
alfo uncapable. for they being for the moil: part epacous; and that Qpacol':foc:A as I faid b~fere, proceeding from the particles, being very much
flaw'd~ unlefs we were able to joyn and re-unite thofe flaw'd partides
again into one piece, we fhall not be able to deepen the colour, which
fince we• are unable to do with mofl: of the colours which are by Painters
accounted opaco~n, we are therefore unable to deepen them by adding
more of the fame kind.
But becaufe all thofe opacous colours have two kinds of beams or Rays
refleCted from them,that is,Rays unting'd, which are onely reflected from
the outward furface, without at all penetrating of the body:and ting'd
Rays which are reflected from the inward furfaces or flaws after they
have fuffer'd a two-fold refracl:ion; .a nd becaufe that tranfparent liquors
mixt withfuch corpufcles, do,for the mofl: part, take off the former kind
ofrefletl:ion; therefore thefe colours mixt with Water or Oyl, appear
much deeper than when dry,for mofi part ofthat white refleCrion from the
outward furface is remov'd. Nay, fome of thefe colours are very much
deep ned by the mixture with fome tranfparent liquor, and.that hecaufe
they may perhaps get between thofe two flaws, and fo confequently joyn
two or more of thofe flaw' d pieces together; but this happens but in a
very few.
.
Now, to fhew that all this is not gratH' dillum, I fhall fet dow11 fome
Experiments which do manifefi thefe things to be probable and likely,
which I have here deliver'd.
For, firil:, if you take any ting'd liquor whatfoever, efpecially if it. be
pretty deeply ting'd, and by any means work it into a froth, the conger;u
of that froth fhall feem an opacous body, and appear of the fame colour,
but much whiter than that of the liquor out of'which it is made. For the
abundance of refiettions of the Rays againfi thofe furfaces of the bubbles
of which the froth confifisJ does fo often rt;bound the Rays backwards~
that·little or no light can pafs through~ and confequently the froth appears opacous.
Again, if to any of thefe ting'd liquors that will endure the boiling
there be added a fmall quantity of fine flower (the parts of which through
the Microfcope are pJainly enough to be perceiv'd to confifi of tranipa.:
rent corpufcles) and fuffer' d ·to boy1 till it thicken the liquor, the matS of
the liquor will appear opacom,and ting'd with the fame colour,butvery
Thus
much whiten'd.
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Thus, if you t<lke a piece of tranfparent Glafs that is well colbur'd, ar1d
by heating it, and then quenching it. in Water, you flaw it all over
it will become opacous, ·and will exhibit the fame colour with which th~
piece is ting'd, but fainter and whiter.
Or, if you take a Pipe of this tranfparent Glafs~ and in the flame of a
Lamp melt it, and then blow it into very thin bubbles, then break thofe
bubbles, and collect a good parcel of thofe lamin£ togeth~r in a Paper
you lhall find that a fmall thicknefs of thofe Plates will confi:itute an opa~
co11s body, and that you may fee through the mnfs ofGlafs before it be
thus laminated, above four times the thicknefs: And befides, they will
now afford a colour by reflection as other opacous (as they are call'd)
colours will, but much fainter and whiter than that of the Lump or Pipe
out of which they were made.
Thus alfo,if you take P11tty) and melt it with any tranfparent colour'd
Glafs,it will make it become an opacous colour' d lump, and to yield a paler and whiter colour than the lump by refleCtion.
1 he fame thing may be done by a preparation of Antimony, as has been
fbewn by the Learned Phyjician, Dr· c. M. in his Excellent Obfervations
and Notes on Nery's Art ofGlafs; and by this means all tranfparent colours become opacous, or ammels. And though by being ground they Iofe
very much of their colour, growing much whiter by reafon of the multitude of fingle refleCl:ions from their outward furface, as I ibew' d afore,
yet the fire that in the nealing or melting re-unites them, and fo renews thofe jjmrious reflections, removes alfo thofe whitenings of tl:e colour that proceed from them.
As for the other colours which Painters ufe, which are tranfparent,and
us'd to varnifh over all other paintintings, 'tis well enough known that
the laying on of them thii?neror thicke~,does very much dilute or deepen
their colour.
Painters Colours therefore confifiing mofi of them of folid particles;
fo fmall that they cannot be either re-united into thicker particles by
any Art yet known,and confequently cannot be deepned; or divided into particles fo fmall as the flaw'd particles that exhibit that colour, much
lefs into frnaller, and confequently cannot be diluted; It is necdfary that
they which are to imitate all kinds of colours, ibould have as many degrees of each colour as can be procur' d.
And to this purpofe, both Limners and Painters have a very great variety both ofYellows and Blues, befides feveral other colour'd b.odies
that exhibit very compounded colours, fuch as Greens and Purples; and
others that ate compounded of feveral degrees of Yellow, or feveral degrees of Blue; fometimes unmixt, and fometimes compounded with fe•
veral other colour' d bodies.
The Yellowsi from the palefi to the deepefi Red or Scarlet, which
·has no intermixture of Blue, are pale and deep Miljiicut, Orpament,
Eng/ijh O~r, brown O~r, Red Lead, and VertJJilion, burnt Englifh Olf.!r,
and lmrnt brown Okgr, which laft have a mixture of dark or dirty parts

with them, &c.
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Their Blues are feveral kinds of Smaltt, and 1/erditiJru, and Bife, and
Vhramarine, and Indico, which lafr has many dirty or dark parts inter•
mixt with it.
Their compounded colour'd bodies, as Pin~{, and Yerdigrife,which are
Greens, the one a Popingay, the other a sea-green; then Ltc,whicb is a
very lovely Purple.
To which may be added their Black and White, which they alfo
ufually call Colours, of each of which they have feveral kinds~ fuch as
Bone Black.., made of IvorJ burnt in a dofe Veifel, and Bltte Blaclt._, made
of the fmall coal of WiUow, or fome other Wood ; and CJiuu ea1th,
which is a kind of brown Black, &c. Their ufual Whites are either arM
tHicial or natural White Lead, the lail: of which is the heft they yet have,
and with the mixing and tempering thefe colours together, are they able
to make an imitation of any colour whatfoever: Their Reds or deep
Yellows, they can dilute by mixing pale Yellows with them, and deepen
their pale by mixing deeper with them ; for it is not with Opat#tts colours as it is with tranfparent, where by adding more Yellow to yellow::.
iris deepned, but in opacous diluted. They can whiten any colour by mixing White with it, and darken any colour by mixing Black, or fome dark
ana dirty colour. And in a word, moil: of the colours, or colour'd
bodies they ufe in Limning and Painting, are fuch, as though mixt with
any other of their colours, they preferve their own hue, and by being in
fuch .yery fmal parts difpers·d through the other colour'd bodies, they
both, or altogether reprefent to the eye a contpojit~t~n of all ; the eye being unable, by reafon of their fmalnefs, to diHinguifh the peculiarly colour'd particles, but receives them as one intire compojtum: whereas in
many of thefe, the Microfcope very eafil y diil:inguifhes each of the com·
pounding colours difiinet, aned exhibiting its own colour.
Thus have I by gently mixing Vermilion and Bife dry, produc'd a very
fine Purple,or mixt colour,but looking on it with the.J!ficrofcope, I could
eafily difiinguith both the Red and the Blue particles, which did not at
all produce the Phantafm of Purple.
To fumm up all therefore in a word, I have not yet found any folid
colour'd body,that I have yet examin'd,perfefrly opaco11s; but thofethat
are leafr tranfparent are MetaUine and Mineral bodies, whofe particles ge•
nerally, feemingeither to be very frnall, or very much fiaw'd, appear
f"Or the moil: part opacout, though there are very few of them that I have
look'd on with a Microfcope, that have not very plainly or circumfianti·
ally manifefred themfelves tranfparent.
And indeed, there feem to be fo few bodies in the world that are ill
minimh opacous, that I think one may make it a rational ff(!!ery, Whether
there be any body abfolutely thus opaco1u? For I doubt not at all (and I
have taken notice of very many circumil:ances that make me of this
mind) that could.we very much improve the Microfc~pe, we might be
a~le to fee all thofe bodies '!ery plainly tranfparent, which we now are
fam onely to ghefs at by ctrcumil:ances. N:ty, the Object Glaifes wt:
yet make ufe of are fi1ch, that they make many tranfparent bodies to the
eye,
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eye, fcem opa'cims through them, which if \ve widen the Aperture a little
and cafi more light on the objeCts, and not charge the Glafies fo deep'
will again difclofe their tranfparency.
'
Now, as for all kinds of colours that are diffolvable in Water or other
liquors, there is nothing fo manifefi, as that all thofe ting'd liquors are
tranfparent ;1and many of them are capable of being diluted and compounded or mixt with other colours, and divers of them are capaolc of
being very much chang'd and heightned, and fixt with feveral kinds of
s_aline menflruums. Others of them upon compounding, defiroy or vitiate each others colours, ::md precipitate, ·or otherwife very much alter
each others tinCture. In the true ordedng and dibsting, and deepning,
and mixing, .and fixing of each of which, confifrs one of the greatefr myfieries of the Dyers; of which particublfS,becaufe our Microfcbpe ~ffords
us very little information,! !hall add nothing more at prefent; but onely
that with a very few tinctures order' d and mixt after certaii1 ways, too
long to be here fet down, I have been able to make an appearance of all
the various colour~ imaginable, without at all ufmg the help of salts, or
84/ine menflrtmms to vary them.
As for the mutation of Colours by Saline menflr1nmu, they have al·
1eady been {o fully and excellently handled by the lately mention'd In•
comparable Authour,that I can add nothing,but that of a multitude of tri..
als that I made, I have found them exaCtly to agree with his Rules and
Theories; and though there may be infinite infrances, yet may they be
reduc'd under a few Heads; and compris'd within a vei"y few Rules. And
generally I find, that Saline menflrmtnu are mofr operative upon thofe
colours that are Purple, or have fome degree of Purple in them, and up·
on the other colours much lefs. The ffmrious pulfes that compofc whichJ
being (as I formerly noted) fo very neer the middle between the true
ones, that a fmall variation thrcws them both to one fide, or both to the
other~ and fo confequently mufr make a vail: mutation in the formerly ap·
pearing Colour.

Obferv. XI. Of Figures ohferv'd in [mall Sand.
And generally fe('ms to be nothing elfe but exceeding fmall Pebbles,
or at leafr fome very fmall parcels of a bigger fi:one; the whiter kind
feems through the Microfcope to con(ii1: of fmall tranfparent pieces of fome
peUucid body, each of them looking much like a piece of Ahtm, or 8 aft
Gem;and this kind of Sand is angled for the moil: part irregularly ,without
any certain fhape,and the granules of it are for the mofi part ftaw'd,though
amongfi: many of them it is not difficult to find fome that are perfetlly
peUucid, like a piece of clear Cryfral, and divers likewife moil: curiou!ly
filap'd, much after the manner of the bigger Stiri~ of Cryfbl, or like the
fmall Diamants I obferv'd in certain Flints, of which I Chall by and by relate; which lafr particular feems to argue, that this kind of Sand is not
made
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made by the comminution of greater tranfparent Cryfialine bodies, but
by the concretion or cDagulation ofWater,orfome otherftuid body.
There are other kinds of courfer Sands, which are browner, and have
their particles m
. uch bigger; thefe, view' d with a Microfcope, feem much
courfer .a nd more opacous fubfiances,and mofi ofthem are of fome irregularly rounded Figures; and though they feem not fo opacoTH as to the
naked eye, yet they feem very foul and cloudy' but neither do thefe want
curiouily tranfparent, no more than they do regularly figur'd and well
colour'd particles, as I have often found.
There are multitudes of other kinds of Sands, which in many particulars, plainly enough difcoverable by the Microfcope,differ both from thcfe
}all: mention'd kinds of Sands, and from one another: there feeming to be
as great variety ofSands,as there is of Stones. And 'as amongfi Swnes fome
are call'd precious from their excellency, fo alfo are there Sands which
deferve the fame Epithite for their beauty; for viewing a fmall parcel of
Ettfl-India Sand (which was given me by my highly honoured friend, Mr.
Daniel Co/wall) and, fince that, another parcel, much of the fame kind,
I found feveral of them, both very tranfparent like precious Stones, and
regularly figur'd like Cryfial, Cornijh Diamants, fome Rubies, &c. and
alfo ting'd with very lively and deep colours, li.ke Rubp, saphyrs, E111e·
raids, &c. Thefe kinds of granuls I have often found alfo in E11glijh Sand.
And 'tis eafie to make fuch a counterfeit Sand with deeply ting'd Glafs,
Enamels and Painters colours.
It were endlefs to defcribe the multitudes of Figures I have met with
in thefe kind of minute bodies, fuch as spherical,O'lu.l,Pyramidal, Conical,
Prijntatical, of each ofwhich kinds I have taken notice.
But amongfi many others, I met with none more obfervable than this
pretty Shell (defcribed in the Fig11re X. of the fifth scheme) which,
though as it was light on by chance, deferv' d to have been omitted (1
being unable to direCt any one to find the like) yet for its rarity was it not
inconfiderable, efpecially upon the account of the information it may
afford us. For by it we have a very good inllance of the curiofity of Nature in another kind of Animals which are remov'd, by reafon of their
minutenefs,beyond the reach ofour eyes; fo that as there are feveral for~s
oflnfecrs, as Mites, and others,fo fmall as not yet to have had any names ;
(fome of which I tball afterwards defcribe) and fmall Fillies, as Leeches
in Vineger; and fmal vegetables, as Mofs, and Rofe-Leave-plants; and
finall Mufbroms, as mould: fo are there, it feems, frnall Shel-fifb likewife, Nature fbewing her curiofity in every Tribe of Animals, 1/ege·
tables, and Minerals.
I was trying feveral fmall and fingle Magnifying Olaffes, and cafually
viewing a parcel ofwbite Sand, when I perceiv' d ot1e of the grains exalUy
fhap' d and wreath'd like a Shell, but endeavouring to difl:iuguiih it with
mynaked eye,itwasfovery fmall,thatlwas fain againtomakeufeofthe
Glafs to find it; then,whilefl: I thus look'don it, with a Pin I feparated all
the refi of the granule~ ofSand,and found it afterwards to appear to the
naked eye an exceeding lrnall white fpot, no bigger than the point ofa

Pin.
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Pin. Afterw3rds iview·d it every way with a hed:et :,l<ficrofcope)and found
it on both fides, and edge-ways, to refemble the Shell of a fmall WaterSnail with a fiar fpiral Shell: it ba~ twelve Wreathings, a,bJ c, d, e, &c.

all very proportionably growing one ltfs than ~nother toward the
middle or center ofthe Shell, where thel'e was a very fmall round white
fpot. I could not certainly difcover whether the Shell were hol!ow or
not, but rt feern'd fill'd with fomewhat, and 'tis probable that it might
be petrifj/d as other larger Shels often are, fuch as are inention'd in the
feventeenth Obftrvatian.

Obferv. XI I. Of Gravel in 7hine.
Have ofrenobfer v'd the Sand or Gravel ofUrin<t, which feems to be
a tartareoTH fubfl:ance, generated out of a Saline and a terreflrial Cubfiance rryjittlli1:.'d together, in the fortu of Tartar, fotnetimes /ticking to
the fides of the 'Z.Jrinal, but for the mofi part fin king to the bottom, and
there lying in the form of coorfe common Sand; thefe, through the Micro(c(lpe, appear to be a company of fmall bodies, partly tranfparentl and
partly oplfcous, fome White, fome Yellow, fome Red, others of more
brown and duikie colours.
The Figure of them is for the mofi part flat, in the manner ofSfats, or
fuch like plated Stones)that is,each of them feem to be made up of feve.:
ral other thinner Plates, much like lWtftovie Gl'!(I,or Eng/ifh 8parr,to the
laft of which, the white plated Grave] feems mofi likely ; for they feerri
not onely plated like that, but their fides fbap'd alfo into Rho??rb.r, Rhomhoeids,and fometimes into Rel1angles and fquares. Their bignefs and Figme
may be feen in the fecond Fig~tre of the flxth Plate, which reprefents ::tbout
a dozen of them lying upon a plate A BCD,fon1e ofwhith, as a, b, c, d,
feem·d more regular than the refi, and e, which was a fmall one, nicking on the top of another, was a perfelt Rhu111boeid on the top, and had
four Rella11gHittr fides.
The line E which was the meafure of the Microfcope, is l'l pari of aA
Englifh Inch, fo that the greatefi bredth of any of them, exeeeded not
:t'i~r part of an Inch.
Putting thefe into feveral liquors, 1 four.d OJ! of Pitriol, Spirit Of
th-ilft,and frteral other saline menjlnmnu to difiolve them; and the firfi:
ofthefe in 1efsthan a minute without EbHilitian,Water,and fevetal other
liquors.> had no fudden operatioe upon them. This I mention, becaufe
thofe liquors that diffolve them,firfi mak~ them very white, not vitiating,
but rather refrifying their Figure, and thereby make them afford a very
pretty objefr for the Microfcupe.
.
tlow great an advantage it would be to fuch as are tronbled with the
Stone, to find fome menftrHHm that might difiolve them without hurting
the Bladder,is eafily imagiiid, fince fome injeUiotu made of fuch bodies
might likewife diffolvethe ftone: which feems mueh of the fame nature.
ft
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It may therefore, perhaps, be worthy fome Phyficians enquiry, whethe~
there may not be fomething mixt with the Urine in which the Gravel
or Stone lies, which may again make it diffolve it, the fidl: of which feems
by it's regular Fi~ures to have been fometimes CryftaUi~'dout ofit. For
whether this CryjtaUization be made in the manner as A!Hm, Pettr,&c. are
cr;jtallized out ofa cooling liquor, in which) by boyling they have been
diifolv'd; or whether it be made in the manner of Tartarum Pitriolat~tm,
that. i~, by the Coalitioll of an ttcid and a Sulphureous fubfrance, it feems
not impoffible,but that the liquor it lies in,may be again made a diffo!veRt
of it. But leaving thefe inquiries to Phyficians or Chymifrs, to whom
it does more properly belong, I £hall proceed.

Obferv. XI I I. Of the [mall Diamants, or Sparks in Flints.

.
C

Hancing to break a Flint fione in pieces, I found within it a certain
cavity all crufred over with a very pretty candied fubfl:ance, fome
of the parts of which, upon changing the pofrure of the Stone, in refpetl:
of the Incide11t light, exhibited a number of fmall, but very vivid refleCtions; and having made ufe of my 111icrofcope, I could perceive the
whole furface of that cavity to be all befet with a multitude of little
Cryflaline or Adamantine bodies, fo curioufly 1l1ap'd, that it afforded a
not unpleafing objel.t.
Having confidered thofe vivid repercu.ffions of light,I found them to b~
made partly from the plain external furface ofthefe regularly figured
bodies (which afforded the vivid refleCtions) and partly to be made
from within the fomewhat peU11_cid body, that is,from fame furface of the
body,oppofite to that fuperficies of it which was next the eye.
And becaufe thefe bodies were fo fmall, that I could not well come to
make Experiments and Examinations of them, I provided me feveral
fmall fliritt of Cryfl:als or Diamants, found in great quantities in Cornwall:and are therefore commonly called Cornifh Diama11ts: thefe being
yery pell~tcid, andgrowing ina hollow cavity ofa Rock (as Ihavebeen
feveral times informed by thofe that have obferv'd them) much after the
fame manner as thefe do in the Flint; and having befides their outward
furface very regularly fhap'd, retaining very near the fame Figures with
fame of thofe I obferv' d in the other, became a convenient help to me for
the Examination. of the proprieties ofthofe kinds ofbodies.
And firfi for the Reflections; in thefe I found it very obferyable, That
the brightefl: r~fleCtions oflight proceeded from within the peUucidbody;
that is, that the Rays admitted through the pellucid fubfiance in theit
getting out on the oppofite fide, were by the contiguous and fl:rong refleCting furface of the Air very vividly retiefred, fo that more Rays were
refleCted to the eye by this furface, though the Ray in entring and getting
out of the Cryfl:al had fuffer'd a double refraCtion, than there were from
the outward furface ofthe Glafs where the Ray had fuffer'd no reflraCtioQ
at all.
And
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, · And that this was the furf.1ce of the Air that gave fo vivid a ~e-petocNf
Jion I try'd by thi_s means. I funk half of a jiiria in Water, fo that only
Water wai cont1guous to the under furface, and then the internal refteC.Cion wasfo exceedingly faint, that it was fcarce difcernable. Again
I try·d to alter this vivid reflection by keeping off the Air~ with a body
not _fluid, and that was by ru?hing and holding my finger very hard
agamft the under furface, fo as In many places the pulp of my finger did
touch the Glafs, without any interjacent air between; theu obferving the
reflelrion, I found,that wherefoever my finger or ikin to\Jcht the furface,
from that part there was no refleCtion, but in the little furrows or creafes
of my ikin, where there remain'd little fmalllines of air,frorn them was
rcturn'd a very vivid reflection as before. I try'd further)by making the
furface of very pure Q!iickfilver to he contiguous to the under furface
of this pelhtcid body, and then the reflection fi·om that was fo exceeding..
ly more vivid than from the air, as the refleCtion fi·oin air was than
the refleCtion from the Water; fi·om all which trials I plainly C.1w, that
the ihong refldting air was the caufe of this Ph~nomeno11.
And this agrees very well with the Hypethejis of light and PcUitcidbodies which I have mentiop'd in the defcription of MufcovJ·glaf; for we
there fuppofe Glafs to be a medium,which does lefs refifi the pulft: oflight,
and confequently,that rnofi of the Rays incident on it enter into ir,and are
rcfraaed toward~ the perpendicHlilr; whereas the air I fuppofe to be a
body that ·does more reftft it:, and confequently more are re-perCIIfr'd then
do enter it: the fame kind of trials have I made, with Cryftal/ine Gia_fi;
with drops of fluid bodies, and feveral other ways, which do all feem to
agree very exall:ly with this Theory. So that from this Prir~ciple we11 efiahliili'd, we may deduce feverall Corollaries not unworthy obfe-rvation.
And the firft is, that it plainly appears by this, that the pfod\tction of
the Rainbow is as ID\lCh to be afcribcd to the fCfletl:ion of the concave
furface of the air, as to the refrailion of the G/ob~tlttr drops: this will he
evidently rnanifefi by thefe Experiments, if you foliate that part of a
·olafs-baH that is to reflect an Irk, as in the Cartejian Experiment, above
mention'd, the rdleetions will be abundantly more ihong, and the colours more vivid: and if that part of the furfacc:: be touch'd with Watet,
fcarce affords any fenfible colour at all.
Next we learn, that the great reafon why pelh1cid bodies beaten fmall
are white, is from the multitude of reflections.) not from the particles of
the body, but from the c~ntigu01u furface of the air. And this is evident·
Jy manifelced, by filling the Inter:ftitia of thofe powder'd bodies with
Water, whe.reby their whitends prefemly ditippears. From the fame
reafOn proceeds the whitenefs of many ki11ds of Sands, which in the Mitr-ftt1pe appear to be made 'Up of a multitude of little peUucid bodies,
whofe brightdt reflecrions may by the Microflope he plainly perceiv'd
to come from their internal furfaces ~ and much of the whit ends of it may
be defiroy' d by the affufion of fair Water to be f>ontiguous to thofe
wfac~

The wbitenefS altO of froth, is for the mofr part to be afc.ribed to the:
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refleaioil of the light from the furface of the air within the Bubbles,and
very little to the reflection from the furface of the Water it felf: for this
Iafr reflection does not return a quarter fo many Rays, as that which is
made from the furface of the air,as I have certainly found by a multitude
of Obfervations and Exreriments.
The whitenefs of Linnen, Paper, silft, &c. proceeds much from the
fame reafon, as the JWcroftope will eafily difcover; for the P Jper is made
up of an abundance of pellucid bodies, which afford a very plentifull re·
flection from within, that is, from the concave furface of the air contiguous to its component particles ; wherefore by the affi1fion ofWater; Oyl,
Tallow,T urpentine,&c. ·all thofe reflections are made more faint:and the
beams oflight are fuffer'd to tra jelt & run through the Paper more freely.·
Hence further we may learn the reafon of the whitenefs of many bodies, and by what means they may be in part made peUucid: As white.
Marble for infiance, for this body is compofed of a pelludd body exeeedingly flaw'd, that is, there are abundance of thin, and very fine
cracks or chinks amongfi the multitude of particles of the body>that conrain in them fmall parcels of air,which do fo re-percujfand drive back the
penetrating beams, that they cannot enter very deep within that body,
which the Microfcope does plainly inform us to be made up of a Co1tgtriu
of peUucid particles. And I further found it fomewhat more evidently by
fome attempts I made towards the making tranfparent Marble, for by
heating the Stone a little, and foaking it in Oyl, Turpentine, Oyl ofTurpentine,~"'c, I found that I was able to fee much deeper into the body of
Marble then before; and one trial, which was not with an unfruous fub·
fiance,fi1cceeded better than the refi, of which, when I have a better opportunity, I fball make further trial. ·
This alfo give~ us a probable reafon of the fo much admired PUtto·
mena of the Oculu.r Mundi, an Oval fione, which commonly looks like
white Alabafier, but being laid a certain time in Water, it grows peU~tciJ,
and tranfparent, and being fuffer' d to lie again dry, it by degrees lofes
that tranfparency, and becomes white as before. For the Stone being of
a hollow fpongie nature, has in the firfi and lafr of thefe appearances, all
thofe pores filf d with-the obtunding and reflecting air; whereas in the
fecond, all thofe pores are filfd with a medium that has much the fame
refraction with th.e particles of the Stone, and therefore thofe two beiog
contiguous, make,as'twere, one c8ntinued medium, of which more isfaid
in the I 5· Obfervation.
There are a multitude ofother Phten011Jena,that are produc'd trom this
fame Principle,lwhich as it has not been taken notice of by any yet that I
know, fo I think, upon more diligent obfervation, will it not be found the
leafi confiderable. But I have here onely time to hint Hypothefe.r, and not
to profecute them ib fully as I could wifh ; many of them having a vaft
extent in the production of a multitude of Ph£nomena, \Vhich h~ve been
by others,either not attempted to be .explain'd, or elfe attributed to fome
other caufe than what I have affign' d, and perhaps than the rie-ht; and
therefore I iliallleave this to the profecution offuch as have more leifure:
onely
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onely before I leave it, I mull not pretermit to hint, that by this Prin.:.
ciple,multitndes of the Pht£nomena of the air,as about .Mijh Clouds Meteors, Haloes,&c. are moll plainly and (perhaps) truly expli~able; ~ulti
tudes alfo of the PhttnCJmena in colour'd bodies; as liquors &c. are deducible from it.
'
And from this I lhall proceed to a fecond confiderable Phttnomenon .
wh~ch ~hefe Dia~ants exhibit, and that is the regularity of their Figure,
wh1ch Is a propnety not lefs general than the former; It comprifing within it~ ext~nt, all kinds ?f Metal.t, all kinds of MineralrJ~oll Preciolts.ftones,
all kmds of salts,multitudes of Earth.r ,and almoll all kmds offluid bodies.
And this is_another propiety, which, though a little fuperficially taken
notice:ofby fome, has not) that I know, been fo much as attempted to
be explicated by any.
.
.
This propriety ofbodie!S,as I think it the moll worthy, ~nd next in order to be confider' d after the contemplation of the Glob~t!Ar Figure, fo
have I long had a defire as wei as a determination to have profecuted it ifl
had had an opportunity ,having long fmce propos'd to my feJf the method
of my enquiry therein) it containing all the allurements that I think any
enquiry is capable of: F'or,firll I take it to proceed from the moll fimplo
principle that any kind of form can come from, next the G!ubular, which
was therefore the firll I fet upon, and what I have therein perform·d, I
leave the Judicious Reader to determine. For as that form proceeded
from a propiety of fluid bodies, which I have call'd Congruity, or Iftcongruity:, fo I think, had I time and opportunity, I could make probable.,
that all thefe regular Figures that are fo confpicuoufly v11rio11i and t'urious, and do fo adorn and beautifie fuch multitudes of bodies) as I have
above hinted,arife onely from three or four feveral pofitions or pollures
of Globular particles,and thofe the moft plain,obvious, and necefiary conjunctions of fuch figur'd particl~s that are poffible, fo that fuppofing fuch
and fuch plain and obvious caufes concurring the coagulating particles
mufi necefiarily compofe a body of ft1ch a determinate regular Figure,.
and no other; and this with as much neceffity and obvioufnefs as a fluid
body encompall with a HeterogeneoM fluid mull be protruded into a
sphenele or Globe. And this I have ad ocnhtm demonllated with a company of bu1lets,and fome few other very fimplc bodies; fo that there was
not any regular Figure, which I have hitherto met wit hall, of any of thofe
bodies that I have above named, that I could not with the compofition of
bullets or globules, and one or two other bodies, imitate, even almoll
by fbaking them together. And thus for infiance may we find that the
d!ohltlar bullets will ofthemfelves,if put on ~n inclining plainfo that they
may~run together, naturally run into a triangular order, com poling all
the variety of figures that can be imagin'd to be made out of t£quilateral
triangles ; and fuch will you find,upon trial, all the furfaces of Alum to be
compos'd of: For three bullets lying on a plain~ as clofe toone another as
they can compofe an trquilatero-triangular form, as in A in the 7.scheme.
If a fourth be joyn'd to them on either fide as clofely as it can, they four
compof.; the molt regular Rhombus confifiing oftwo ttquilateraltriangles,
0\S
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as B. If a fifth be joyn'd to them on either.fide in as clofe a pofitioo I$ it
can, which is the propriety of the Text1tre,1t makes a TrapeziHm, or fourlided Figure, two of whofe angles a~e I 20. and tw~ 6o. degrees, as C.
If a fixth be added, as before, etther tt makes an £'fNllllttral triangle~s D.
or a Rhomboeid, as E, or an Hex-ang1tlar Fig1tre, as F, which is compos'd of two primary Rho»fbu. If a feventh be ad?edJ it makes either
an £'fttilatero-hexagonal Ftgure, as G, or fome kmd of flX-fided Fi·
gHre, a11 H, or I. And though there be never fo many placed together.
they may be rang'd into fome of thefe lately mentioned Figures, all the
angles of which will be either 6o. degrees, or I 'lO. as the figure K.
which is an trqHiangHiar hexagonal Figure is compounded of 12. 0/ohul~t,
or may be of 25, or 27,or 36,or 42, &c. and by thefe kinds ofte:x:ture,
or pofition of globular bodies,may you find out all the variety of regular
ilia pes, into which the fmooth furfaces of AIHm are form' d, as upon examination any one may eafily find; nor does it hold only in {uperficies,but
in folidity alfoJor it's obvious that a fourth Giob~tle laid upon the third in
this texture, compofes a regular Tetrahedron> ~which is a very ufual Figure
ofthe Cryftais of .Ah1111. Ana (to haften) there is no one Figure into which
.Alttm is obferv'd to be cryfrallized, but may by this texture of G/~~ttles
be imitated,. and by no other.
I could infiance alfo in the Figure ofSea-folt,aud Sai-geNJ,that it is com·
pos'd of a texture of GlohNleJ, placed in a c~tbiclll form, as L, and that aU
the Figures ofthofe Salts may be imitated by this texture of GltJbNlfu,and
by no other whatfoever. And that the forms ofritrioland of S4/t-Peter,
asalfo of CrJftal,Horefrofl,&c. are compounded of thefe two textures,
but modulated by certain proprieties: But I have not here time to iofifr upon, as I have not neither to thew by what means Gio!Juies come to
be thus context, and what thofe Gloh~tlu are, and many other particulars
requifite to a full and intelligible explication of this propriety ofbodies.
Nm have I hitherto found indeed an opportunity of profecuting theW..
quiry fo fa:r as I defign'd; nor do I know when I may, it requiring abun-dance--of time, and a great deal of affifrance to go through with what I
defign'd ; the model of which was this :
Firfr,to get as exaCl and full a colleCtion as I could, of all the differing
kinds ofGeometrical figur' d bodies, fome three or four feveral bodicu)f
each kind.
Secondly, with them to get as exact a Hiftory as poffibly I could ]cam
of their places of Generation or finding, and to enquire after OlS many
circumftances that tended to the Illufuating of this Enquiry, as poaibly
I could obferve.
Thirdly, to make as many trials as upon experience I could find requifite,in Difiolutions and Coagulations of feveral cryfl:allizing Salts ;rfor
the needfull inftruti:ion and info~mation in. this Enquiry.
'
Fourthly, to make feveral trtals on dtvers other bodies, as Metals,
Minerals, and Stones, by dHfolving them in feveral Me11fl_rNH»u, and
cryfializing them;, to fee what Figures would arik: from thofe fevc:ral
CQmpojittJms..
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Fitft~ly, to make Compofitions.and Coagulations of feveral Salts ro:
get her mto the fame mali, to obferve of what Figure the product of
them would be; and in all, to note as many circumltances as I lhould
judge conducive to my Enquiry.
Sixthly, to enquire the clofenefs or rarity .of ~he texture of thefe bodies, by examining thtir gravity; and their refraction, &'t.
~even~hly, to enquire particular I~ what oi:erati~ns ~he fire has upon
feveral kmds ofSalts, what changes 1t caufes m their Ftgures, Textures,
or Energies.
.
·
. Eighthly, to examine their manner of diffolution, or acting upon thole
bodies difioluble in them ; The texture of thofe bodies before and after
the procefs. And this for the Hiltory.
Next for the Solution, To have examin' d by what, and how many
means, fuch and fuch Figures, actions and effeCts could be produc'd
poHibly.
And laHJy, from all circumltantes well weigh' d, I fhould have end ea..
voured to have iliewn which ofthem wasrnolt likely, and (ifthe infor~
mations by thefe Enquiries would have born it) to have demonfrrated
which of them it mult be, and was.
But to proceed, As I believe it next to the Globular the molt fimple 5
fu do I:, in the fecond place, judge it not lefs pleafant ; for that which
h1akes an Enquiry pleafant, are, firlt a noble Inventum that promifes to
crown the fuccefsfull endeavour; and fuch inult certainly the know ledge
of the efficient and concurrent caufes of all thefe curious Geometrical
Figures be,which has made the Philofophers hitherto to conclude nature
in thefe things to play the_Geometrician, according to that faying of
Plato, ·o c::uf y•til.w.1pii. Or next, a great variety of matter in the Enquiry; and here we meet with nothing lefs than the Mathewatick.f of nature;
having every day a new Figtne to contemplate,or a variation of the fame
in another body,
.
.
.
Which do afford us a third thing:, which will yet more fweeten the En~
quiry,and that is,~ multitude o( information; we are not fo much to grope
in the dark, as in molt other Enquiries, where the Inventum is great; for
having fuch a multitude ofinltances to compare, and fuch ea!it: ways of
genera~ing,~r _c?~poundi~g and of de_fhoying the f9r:n,~s ~n t~e-so(uti~n;
and Crjftalhzatzon of Salts, we cannot but learn plenufull. lt;Jformation to
proceed by. And this will further ~ppeat from the'un'iverfality of_the
P~inciple which Na~ure has made .ufe of almofl: in all inanimate bodies.
And therefore, as the contemplatiOn of them all conduces to the know~
ledg of any on:e; fo from a Scientihcal knowledge of any one do~s follow
.
the fame of all, and every one.
And fourthly, for the ufefuJnefs of this kn-owledge, when acquir'd;
certainly none can doubt, tHat confid~rs that it caries us a frep for-:
ward into the Labirinth of Nature, in the right way towards the encl
we propofe our felves in all Philofophic~l E~quide~: So that know..
ing what is the form bf Iuan'imate or Mineral bodies; we. thall be the_
better able to proceed in bur next Inquiry aftet the fOrms of Vege!a~.
tl'Ve
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tive bodies ; and lafr of all, of Animate ones, that feeming to be the
highefr frep of natural knowledge that the mind of man is capable a£

Obferv. XIV. Offeveral kindes of fro~n Figures.
~ave v~ry ~ften in a Mor~in~, wh~n there has bee? a great h•ar--fr"./1,
wtth an mdtfferently magmfymg Mrcrofcope, obferv d the fmallst;,.;,
or Cryfialline beard, which then ufually covers the face of mofi bodic;
that lie open to the cold air, and found them to be generally Hex~r1lglllq
prifmatical bodies, much like the long Cryfrals of Salt-peter, faveone)y
that the ends of them wrre differing : for whereas thofe of Nilrt are for
the mofi 'part pyrttmidlll, being terminated either in a point or edge;
-thefe ofFrofr were hollow, and the cavity in fome feem'd pretty deep,
and this cavity was the more plainly to be fecn, becaufe ufually one or
vther of the ftx paraltelogra11J fides was wanting, or at leafr much lhorter
then the refi.
But this was onely the Figure of the Bearded h~ar-frofl; and as for the
particles of other kinds of hoar-frojh, they feem' d for the mofi part irr~
gular,orofno certain Figure. Nay, the parts of thofe curious brancbings, or wrticu, that ufually in cold weather tarniih the furfacc of
Glafs, appear through the MicrofcQpe very rude and unihapen, as do
mofr other kinds of frozen Figure.~, which to the naked eye feem exceed·
ing neat and curious, fuch as the Figures of 8nuw, frozen Vrint, H~ril,
feveral Fig~~res frozen in common Water,&c. Some Obfervations of each
of which I fball hereunto annex, becaufe if well confider·d and a:ami'nd, they may, perhaps, prove very inftrultive for the finding out of
what I have endeavoured in the preceding Obfervation to {hew, to be
(next the Globular Figure which is cans' d by congrttitJ, as I hope I have
made probable in the fixth Obfervation) the moft fimple and plain operation of Nature, of which, notwithfranding we are yet ignorant.

I

I.
Several Ohfervahles in the fix-branched Figures
face of 7Jrine hy freezing.
!c!Jt~~~. 1.
Fig.

r.

form~d fJ1l the for·

1 The Figures weie all frozen almofi: even with the fwface of the
V,.ine in the Veifel> but the bigger fiems were a little prumiHenl above
that furface, and the parts of thofe fiems which were nearefi the aoter
( 4 ) were biggefi above the furface.
2 I have obferv'dfeveralkindsofthefe Figures, fomefmaller, nobig..
ger then a Two-pence, others fo bigg, that I have by meafure found one
of its ftems or branches above four foot long; and of thefe,. fome were
pretty round, having all their branches pretty neer alike ; other of them
were more extended towards on• fide> as ufually thofe very large ones
were
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were, Whieh i have obferv'd in Ditthes which hav~ been full of foul
water.

~ None of all thefe Figutes I have yet taken notice of, had any regular pofition in refpefr of on¢ another, or of the fldes of the V did.; nor
did I find any of them tqually to exactneG extepded every w"y fi;om
the center a.
.
4 Where ever there was a center,the branchings from it, a b, fH ~' ',J
• t, • f, a g,. were never fewer~ o.r more then fix? which ufuall y C<;lnc~r.r' d:
or met one amother v.ery neer 10 the fame pomt or center, a :X ' though
oftentim~s not exaccly:, and were enclin'd to eat:~ otb~r by an angle, of
very nel!r ftxty degrees, I f<ty, very neer, beca'U!f, though havih~f en.:
dravomed to meafure them the .mofi acurately I wa~ ubi~~ w.i~h the
largefi Compaifes I had, I could not find any fenfible variatiou frqm that
meafure; yet the whole fix-branched Figure feeming to compofe a folid
angle, they mufi neceifarily be (omewhat lefs.
· S ,The middle lin~s or fiems o! thefe. branche~, ~ b, ~ c, 4 d~ 4 e, af, ag,
~em d foinewhat wh1ter, and a httle h1gber then any of the mtermedi4td
branchings of thefe Figure$; and the center tt., was the moit Jr(»>(ine»l
part of the whole Figure, feeming the ttpeJ( of a 'folid Angle or PJrttmid,
each ofthe fa plains being a little endin' d below the iurface of tl:\li! Vrin~
6 The lateral branchings ifiuing out of the great ones, fQch ~s ~ ,r,
111 'f, &~. were each of them inclin' d to the great ones, by the fame; angle
of about fixty degrees,as the great ones wcr~ one to another,~n<ialwayti
the bigger branchings were promi11e111 above the Ids, ~nd the lds :'IQoVe
the leafi, by proportionate gr~datioPt.
7 The Lttir4l branches £hooting out of the great ones, wevt ::til <>f them
from the center~ and each of them was parallel to that great branchJ ~xt:
to which it lay; fo that as all the branches on one fide were parallel to
()De another, fo were they all of them to the approx;im.ate. great bra~h.,
asp o, q ,., as they were parallel to each other,and fuot from the cepter,
fo were they parallel alfo to the great branch 4 b.
8 Some of the fiems of the fix braoch~s proceeded !haight, anc.\ Qf a
thkknefs that gradually grew fharper towards the ~od> a~ (lg, .
9 Others of the fiems of thofe branches grtlw bigger and knot.ty to·
wards the middle,Jmd the branches alfo as well as fiems, from Cyhnders
grew into Plates~ in a mofi admirable and curious order, fo exc.eeding xe. .
gular and delicate, as nothing could bo more, as i~ vifible io "f, "c? ad,
a e, af, but towards the end offome of thefc fierus, they beg<Jn ag41m to
grow fmaller and to recover their former branchings, as about 4:.and n,
10 Many of the laleval branchei had ctJllateYili branches (if I may fo
call them) as q NJ had many fqch -as f t, and moll: of thofe ~g~in .foh~
collateral, as v w, ~nd thefe 01gain had others lefs, which one may ~all 14""
tertf.bcollateral, and thefe again others, and they others, dn. in greater
~~
.
I I The branchings of the ma\n Sterna joyn'd not togethet b}f any re~
gular line,nor did one fule of tho one lie over the other {ide Qf th~Qther,
but the fmall coU11teral and fobcoUatertzl branches did lie dlt toP of one
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another according to a certain order or method, which I always obfert'd
to be this.
12 That fide of a collateral or .fobcol!ateral, &c. branch, lay over the
fide of the approximate (as the feathers in the wing of a Bird) whofe
b ranchings proceeded parallel to the lafi biggefi fiem from which it
fprung,and not to the biggefi fi:em of all, unlefs that were a .fecond ftem
backwards.
13 This rule that held in the branchings of the SexangHiar FigNrt held
alfo in the branchings of any other great or fmall fiem, though it did
not proceed from a center.
14 The exall:nefs and curiofity of the figuration of thefe branches,
was in every particular fo tranfcendent, that I judge it almoft impoffiblc
for humane art to imitate.
15 Tafi:ing feveral deer pieces of this Ice, I could not find any Vrifz..
0111 tafie in them, but thofe few I tafi:ed, feem' d as injpid as water.
16 A figuration fomewhat like this, t~ough inde~d _in fome particu·
Iars much more cunous, I have feveral umes obferv d m regti!M 111artir
fteUatm, but with this difference, that all the fiems and branchings are
bcnded in a moll: excellent and regular order, whereas in Ice the frems
and branchings are fireight, but in all other particulars it agrees with
this, and feems indeed nothing but one of thefe fi:ars,or branched Figures
frozen on Vrine, difiorted, or wreathed a little, with a certain proportion : Lead alfo that has Aifenicft and fome other things mixt with it, I
have found to have its furfa.ce, when fuffer'd to cool, figured fomewhat
like the branchingsofVrine, but much fmaller.
17 But there is a Yegetable which does exceedingly imitate thefe
branches, and that is, Fearn, where the main fiem may be obferv·d to
fhoot out branches, and the fiems of each of thefe lateral branches, to
fend forth coUateral, and thofe fobcoUateral, and thofe latero fobctJUateral, &c. and all thofe much after the fame order with the branchings, divifions, and fubdivifions in the branchings of thefe Figures in frozen
'Vrine; fo that if the Figures of both be well confider'd, one would ghefs
that there were not much greater need ofa flmiJtal principle for the produfrion ofFearn, then for the production of the branches of Vrine, or
the SteUa marth, there feeming to be as much form and beauty in the
one as in the other.
And indeed, this Plant ofFearn, if all particulars be well .confider'd,
will feem of as fimple ~ acd uncompounded a form as any Vegetatle, next
to Mould O! Mujhromes, and would next after the invention of the forms
of thofe, deferve to be enquir' d into ; for notwithfianding feveral have
2ffirm'd it to have feed, and to be propagated thereby; yet, though I
have made very diligent enquiry after that particwar, I cannot fine;{ that
there is any part of it that can be imagin'd to be more feminal then another : But this onely here by the by :
For the freezing Figures in Vrine, I found it requiftte,
Firfi, that the Superficies be not difturbcd with any wind, or other
commotion of the air, or the like.
·
Secondly,
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Secondly, that it be n(lt too long expo fed, fo as that the whole bulk
be frozenlor oftentimes,in fuch cafes, by reafon of the fwdling the of Ice,
or from fome other caufe, the curious branched Figures difappear.
Thirdly, an artificial freezing with Snow and salt, apply'd to the outfide of the containing Vefid, ft1cceeds not weB, pnlefs there be a very
little quantity in the Vefid.
Fourthly, If you take any deer and fmooth Glafs, and wetting all thll
infide ofit with Vrine, you expofe it to a very iharpfreezing, you will
find it cover'd with a very regular and curious Figure.

9I

II.

Obfervables in figur'd Snow.
Expofing a piece of black Cloth 3 or a black Hatt to the falling Snow, !~£till.
I have often with great pleafure, obferv'd fuch an infinite variety of cu- 'I!·'·
rioufly figur'd Snow, that it would be as impo1lible to draw the Figure
and lhape of every one of them, ·as to imitate e.xaC.tly the curious and
Geometrical Mechaniftile of Nature in any one. Some coorfe draughts,
fuch as the coldnefs of the weather, and the ill provifions, I had by me
for fuch a purpofe, would permit me to make, I have here added in the
Second Figure of the Eighth Scheme.
In all which I obferv'd, that if they were of any regular Figures, they
were always branched out with fix principal branches, all of equal length,
fhape and make, from the center, being each of them inclin'd to either of
the next branches on either fide of it, by an angle of fixty degrees.
Now, as all thefe fi:ems were for the moil: part in one ftake exactly of
the fame:··make, fo were they in differing Figures of very differing ones;
fo that in a very little time I have obferv'd above an hundred feveral cizes
and ilia pes of thefe fi:arry flakes.
The branches alfo out of each fl:em of :my one of thefe flakes, were exactly alike in the fame flake; fo that of whatever Figure OHe of the
branches were, the other five were fure to be of the fame, very exactly)
that is, if the branchings of the one were fmall PeraUelipipeds or Plates,
the branchings of the other five were of the fame; and generally, the
branchings were very conformable to the rules and method obferv'd before, in the Figures on Vrine, that is, the brauchings from each fide of
the fiems were parallel to the next fi:em on that fide, and if the fi:ems
were plated, the branches a]fo were the fame; if the fiems were very
-long, the branches alfo were fo, &c.
Obferving fome of thefe figur' d flakes with a Microflope, I found thein
not to appear fo curious and exacrly figur'd as one would haveimagin'd,
but like Artificial Figures,. the bigger they weremagnify'd, the moreir,.
regularites appear'd in them; but this irregttlarity feem'd afcrihable to
the thawjng and breaking of the flake by the fall, and not at all to the
defect of the plafticft virtue of Nature, whofe curiofity in the formation
ofmofr ofthefe:kind ofregnJ~r Figures,fuchas thofe of saft:MitJer.alt,&c.
0 2
appears
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appears by the help of the Microfcope, to be very many degrees finaller
then the ·moft acute eye is able to perceive without it. And though one
ofthefe fix-branched Stars appear'd here below much of the &pe ·de.;.
fcribed in the Third FigHre of the Eighth scheme ; yet I am very apt to
think ttat could we have a fight of one of them through a Miartifcope 2s
they·~ generated in the Clouds before their Figures are vitiated rby
~tc.rnai acddents,they would exhibit abundance of curiofuy :md neatnefs there alfo, though never fo much magnify'd: For fince 1 have obferv' d the Figures <Jfs ~tlt.s and Minerlll.s to be fame of them k> exceeding
fmall, that I have fcarcely been able t_o perceive them with the lWcrofcope,
and yet have they been regular, and fince (as far as I have yet examin'd
it) there feems to be but one and the fame caufe that produces both thefe
effects, I think it not.in:ational to fuppofe that theie pretty figur'd Stars
of snow, whe!n at firfr generated might be alfo very regular and exaCt.

I I I.

Several kinds of Figures in Water frozen.
Putting fair Water into a large ~apacious Vdfel of Gl".fs, and expofing
it to~the cold, I obferv'd after a little time, feveral broad, flat, and thin
Ltmin£, or plates of Ice, croffi.ng the bulk of the water and one another
very irregularly, ondy moll: of them feern' d to turn one oftheir edges to·
wards that fide of the Glafs which was next it, and feem'd to grow, as
•twere from the inlide of the Velfel inwards wwards the middle, almoft
Jike fo tnany blades of Fern. _Having take,n feveral of ~hefe plates out of
water on the blade of a Kmfe, I obferv d them figur d much after the
manner of Herring bones, or Fern blAdes, that is, there was one bigger
ll:c:m in the middle like the back-bone, and out of it, on either fide, were
a multitude of fmallfliri£, or icicles, like the fmaller bones,or the frnatler
branches in Fern:> each of thefe branches on the one fide, were parallel to
all the refi on the fame fide, and all of them feem' d to make an angle
with the fiem,towards the top, of fixty degrees, and towards the bottom or root ofthisfiem, of 120. See the fourth Figure oftheRPLtte.
I obferv'd likewife feveral very pretty varieties offigures in Water,
frozen on the top of a broad flat Marble-frone, cxpos'd to the cold with
a little Water on it, fome like feathers, fome of other ilia pes, many of
them were very much of the tbape exprefi in the fifth Figure of the
8. Scheme, which is extremely differing from any of the other Figmes.
. I <?bferv'd likewile, t?at th~ iliootings of Ice on the top ofWat'er, begtmung to freez, were m firesght prifoJatical bodies much like thofe of
1'6th-pder, that they crofr each other ufually without any kind of order
or rule, that they were always a little higher then the furface of tbe Water that lay between them; that by degrees thofe interjace111 ipaces
would be fill'd with Ice al1o, which ufually would be as high as the furface.of the reft.
In Bakts of Ice that had been frozen on the top of Water to any confiderable
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fiderable tmcknefs, I obferv'd that both the npper and the under ·fides
of it were cutiouOy quill 'd, furrow'd; or gtain'a, as it were, which wheti
the Sun lbone on the Plate, ~as ~xceeding. eafily tb be perceiv'd to be
much after the fhape of the h?es In the 6, F1g11re cfthe 8. Sc~efJt~,'that~
they ccmfifled of fevenl firerght ends of pa·r alld Plates, which -.ver~ df
divers lengths arid angles to·one ati~tht:~r '\Vfrhot'l~ any.'certain ord~1~.
The cau[e of all which regu~ar Figures (and 'Of hundreds of othftS,
namely of Salts, Minerals, lUetals, &c. which I could have here infeilted,
would it not have been too long) fetems to be declnciblc fi·om the fame
Prmciples,wbich Ihave (in the rg. obfervt~ti01z)ihintedon1y, ha'Ving not
yet had ·time to compleat a ThelJrJ of them. Bur indeed '(which I there
alfo hinted) I judge it the fecond fiep by whkh the -PjPa11~id of qatu~al knowledge: (which is the kno·whxlge of the'fbrtn of bodies) ~s rto
the afcended: And whofoever "\vill climb it:-; rt1t1fi be 'Well turnifu'd
with that which the Nbble VerHlam calls Sea/am 'lnteUeCJm~ •fie muft
'have fca1ing Ladders, otherwife the 'fleps are fo large and thigh, thete
will be no getting up them, al'ld confequently litt'k hopes of attajning
amy higher fhuion, fuch as to th'~ knowledge dfthe molt fimple principle
cfVegetation manifefted in M~uld -and Mu'fhromes, which, as I dfewhere endeavoured to fhew ~ feems to be the third fiep; fot it feettJst-Q
me, that the IntelleCt ef man is like his body, deflirute of wings, and.
cannot move from a Iowet to a higher and moce fuM~me 'fiation ofknow1edg,otherwife theti Rep by fiep )nay ~ven there where the way is prepar'tl
and alrea-dy made pa'fi!bie ; as in the 'E/-aJ;mls ·ofG-e'Ome~ry, or the JiktC,
where it 1s fain to climb a whole feries ofPJ19pofitions bJ' degrees, before
it attains the knowledge of one Probleme. But if tb.e aftent be high, dit:
licult and above its reach, it mufi h3 ve recotn{c: to a nov11m orga111mt,
fome new engine and romrivance, k>me new kind 'Of :Algebra, or Atlll/y.:
ticft Art before it can funnount it.

Obferv. XV. Of Kettering-tl:one, and of t~e pores
rtlate bodies.

of fnani-

Hi,sStone which is brought from 'K:tieriir~ in Northantp_ton-jhire;:.md s~hrm. cJ•
d1gg'd out of a Q!Jarty, •as l am mform d., has a gram altogether Ftg. 1 '
admi-rable, nor have I everfeen or heard of any ·other fiorre 'that has the
like. It is m:.1de up of an innumerable compa-ny of frnall bodie~ not ali
of the fame cizc or fha pe, but for the moft part,. h<?t ~uch diiferipg from
-a Globular form, nor exceed they one -another In Dtameter a'bove three
or four times ; they ~ ppear to the eye, like the Cobb or Ovary. of a Het'ring, or fome frnatler fillies, but for_the moft p:trt, the: pattld~ Ieem
fomewhat lefs, and not fo uniform; bm their_variation from a per~ea:
globular ball,feems to be only by the '{'tdfute of the cohtigttou:r bals whtch
have a little deptefr and ptbtruded thofe toucht fid~s inward, ~nd fore· d
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the other fides as much outwards beyond the limits of a Globe; jull: 31
it would ha ppen,if a heap of exacrly round Balls of foft Clay were heap' d
upon one another;, or, as I have often fe~n a.heap of_fmall Gl~bules of
~ick.filver, reduc d to that form by rubbmg It much m a glaz d VefieJ
with [orne flimy or fluggifh liquor, fuch as Spittle, when though the
of the upper Globules be very neer fpherical, yet thofe that are prefr
up~n by others, exactly imitate the forms of thefe lately mention'd
grams.
· Where thefe grains touch each other, they are fo firmly united or
fettled together, that they feldom part without breaking a ho!~ in one
or th'other of them, fw::h as a, tt, a, b, c, c, &c. Some ofwhich fractions,
as a, a, a, 11, where the touch has been but light, break no more thep
the outward crufr,' or firfl: fhell of the ftone, which is of a white colour,
a little dafh' d with a brownifh Yell ow,and is very thin,like the lhell of an
.Egg : and I have feen fome of thofe grains perfectly .refemble fome kind
ofEggs,both in colour and ihape: But where the umon of the contigNoHs
granHles has been more firm, there the divulfiot~ has made a greater
· Chafm, as at b,b,b, info much that I have obferv'd fome of them quite
broken in two, as at c, c, c, which has difcovercd to me a further refemhlance they have to Eggs,they having an appearance ofa white and yelk,
by two differing fubfrances that envelope and encompafs each other.
1 hat which we may call the white was pretty whitifh neer the yelk,
but more dulkie towards the ihell ; fome of them I could plainly perceive to be fbot or radiated like a PJrites or fire-flom ; the yelk in fome
I faw hollow, in others fill'd with a dufkie brown and porous fubfiance like a kind of pith.
The fmali pores, or interflitia e e e e betwixt the Globules, I plainly
faw,and found by other trials to be every way pervious to air and water,
for I could blow through a piece of this fione of a confiderable thickne~
as eafily as I have blown through a Cane, which minded me of the pores
which Des Cartes allow his materia fobtilk between the eethet·utl globules.
·The objefr, through the Micrq(cope, appears like a Congeries or heap
ofPibbles, fuch as I have often feen cafr up on the lliore, by tha working of the Sea after a great frorm, or like (in ihape, though not colour)
a company of fmall Globules of Q!lickfilver, look'd on with a Microfoope,
when reduc' d into that form by the way lately mentioned. And perJlaps, this lafr may give fome hint at the manner of the formation of the
former: For fuppofing fome Lapidefcent fubfiance to be generated, or
fome way brought (either by fome commixture of bodies in the Sea it
fel£ or protruded in, perhaps, out offomefobtcrraneous caverns) to the
bottom of the Sea,and there remaining in the form of a liquor like Quickfilver, heterogeneotn to the ambient Salim fluid, it may by the working
and rumblings of the Sea to and fi·o be jumbled and comminuted into
fuch Globules as may afterwards be hardned into Flints, the lying of
w~ich o~e UJ:On another? when in the Sea, being not very hard, by reafan ofthe wetght of the mcompaffing fluid, may caufe the undermofi tQ
be a littie,though not much, varied fi'om a globular Figure. But this only
~~~
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After w?at manner this Kettering~one · fhouid be generated I cannot
learn, havmg never been there to vieW the place, and obferve thecircumfi:ances; but it feems to me fr?m the' firufrure of it to be gene.r;ated
from fome fubfhmce once more flmd, and afterwards by degrees growing
harder, almofi after the fame manner ·as I fuppofed the generation of
Flints to be made.
.
But whatever were the caufe of its cupious texture, we tnay t~arn this
information from it; that even in .thoR! things which we account vile;
rude,and toorfe, Nature has not been wanting to £hew abundance of curiofity and excellent Mechanifme.
.
·
. We may here find a Stone. by bel p of a Microfcope, to be made up of
abundance offmall Balls, whtch -do but jufi touch each other, and yet
there being fo many contaCts,they make a firm hard mafs, or a Stone much
harder then Free-fione.
Next, though we can by a Microfcope difcern fo curio-qs a fbape in the
particles, yet to the naked eye there fcarce appears any fuch thing';
which may afford us a good argument to think, that even in thofe bodies
alfo, whoie texture we are not able to difcern, though help'd with Micro·
fcopes there may be yet latent to curious·a s chmJatifme, that it may abundantly fltisfie the curious fearcher, who fhall be fo happy as to find fome
way to difcover it.
Next, we here find a Stone, though to the naked eye a very clofe one,
yet every way perforated with innumerable pores, which are nothing elfe1
but the interflitia,between thofe multitudes of minute globular particles,
that compofe the bulk it felf; and thefe pores are not only difcover'd by
the Microfcope, but by this contrivaoce. ·
I took a pretty large piece of this fione, and covering it all over with
cement, fave only at two oppofite parts) I fou11d my (elf able~ by blowing
in at one end that was left open, to blow my fpittle, with which I had wet
the other end, into abundance of bubbles, which argued thefe pores to
be open and pervious through the whole fi:one, which affords us a very
pretty infi:ance of the poroufnefs of fome feemingly clofe bodies,of which
kind I fhall anon have occafion to fubjoyn many more, tending to prove
the fame thing.
I mufi: not here omit to take notice, that in thi(body there is not a
vegetative faculty that fhould fo contrive this firucrure for any peculiar
ufe of Vegetation or growth, whereas in the other infi:ance.s of vegetable
porous bodies, there is an anima, or forma in[or111ans, that does contrive
all the StruCtures and Mechanij111es of the confiituting body, to make:
them fubfervient and ufefull to the great Work or Function they are to
perform. And fo I ghefs the pores in Wood, and other vegetables, in
bones,aud other Animal fubfi:ances,to be as fo many channels,provided by
the Great and Alwife Creator, for the conveyance of appropriated juyces
to particular parts. And therefore,that this may tend, or be pervious all
towards one part,and may have impediments,as valves ~r the like, to any
other; but in this body we have very littk reafon to fufpetr there fbould
be any fuch defign) for· it is equally perviol every way, not onely for ...
j
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war~hutbackw,rd~and Gcle-way$, an<! feeJll$ indeed much r~hei tf' be
HoMDgetJeom or f~ihir to tbofe pores~ ~hic:h ~e lll' y w~h fUM prolwbili.ty believe to be the channels ofpcUwl{}, pod~. not duc:cte<l, Qf GQr~

w•

o~n any

one way~ then any other, being ~qually pe£\'iptn ev~ry
And accormng as thefe pores .are IJlOre or greater in r-ef~.Q ~f d~e ;,;.
terftltial bodies, the more tranfparent are the fo confii~ted ~ncret~¢s 0
arid th.e finaHer .thofe pores are~ the weaker i~ the fmpulft-Qf liglat ~m·
pumi.cated through them, tho-qgh the more qmck be the progr.eft.
·
Upon thls-Dcc.aEon~ I hope it will not be altogether unfettk>nable, jfl
propound my conjectures and Hypothifir about the mfdi~IIJ aQcl ~
¥eyance 0f light.
lliapppfe tb.e~ that th~ gr~~teft p;ut of dlC 1111erjiiti• <>fdw world.
dlat i~ bet~~.n tft¢ bodies of the SDll and Star,;-s, aQd the PJa~s,
the Earth, to be an exceeding fluid body, very apt and J"eady to b¢
ft.\Ov'~n,nd 1to c.-ooummk.ate the motion pf ;my ope part to any other part,
~l,Ollgh •neYer fo ~r difiant: Nor
I mu~ concern. my kif, 11? detep·
mine what the F1gurc of th~ ~arucles of t?Js ex~e:dmgly fubtil¢ fluid
lllf.diNnt mull be.; nor whether 1t have any_ m~erftltlate4 pores or vacijf...
-tXs;it beingfuflicieot to folve all the Ph~mJ111111a t:o fuppoU! it an c,rc~ed..
ing!y fhrld, or ~qe mofi fluid body in the wm-Jd~ and as yet impofiibltng
determine the other difficulties.
That being fo e.J~:ce~ding 6lJid a body ~it eafily gives paffitge to aU c:ther
bodies to m.oYe 110 and fro in it~
Tbu it neither receives from any ofits parts, or frOJll other bocJi•H
nor .communiciltes to any of its parts, Qr to allY other body, any impwlf,
or motion in a direct line, that is not of a de~¢rminate quick.n~f~;. J\mJ
dl1tt when the mbtion is of fuch determinate fwifinefs, it both receives,
;md communU:.a.tes,..or propagat~s ~P impulft! or motion to any imagwWc
difianc.e in lh:eight lines, with Jf) unimaginal>le celerity and vigour. ·
That all _kind of folid bodies ~nfift of pretty matiie par~icle~ ig r~·
fpetl: of the partkks of this fluid mtdimN, which in many 'pl~ctts 49kJ .
wuch each.other,cl1at qone of this fluid mediHtJJ ioterpo(€s mq(:h d"ttr &M
fiune Jllilnnner (.ro ufe 2 grofs firnilitude) as~ heap. of yeat Hope~ ~PJlJPiG
one great congerieJ" or mafs in the midfi ofthe water.
That aU fluid bodies which we may call t~11gible, ~re nothing bu~ Corne
more fubtile parts of thofe partidcs, that f~rve to copfiituu; till t111gi/Jk
brulies.
· That tiLe water , and fuch other fluid bo4i.es , ar~ nothipg bPt 3
c1mgeries of particles .agitated Qr ma<i~ fluid by it in t~ fame l!l&~r Ji
the particles of salt .are .agitated or made fluid by a par~d of w~tt!r, iJJ
which the-y are dillblv'd, and fubfiding to thCJ bottom of it, coqfii~lltt ~
fluid body, much IllPfC maffie anq denff, and lefs fluicl th~n the pur'
water it udf.
That the air on th.e other fide is 3 (:ertain cotBpany of particles ofquit'
~noth.er kind, that is, fu~:h as ue v~ry m\lcll fmalle.r, ;1nd more ~afi~ly
moveabLe by the motion of this fluid »Jfdi~tM; lli\JCh like thofe very fuJi.
tile parts ofCuchenel~and other very d~ep tingipg bodies:~where by a very
[mall
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(mall parcel of matter is 'able to tinge and diffufe it felf over a very great
quantity of the fluid diifolvebt; or fotnewhat after that manner as
-fmoak, andfuch .like m~nute bodies~ or fte~~sznre ~bferv'd to tinge a
very great quantity of mr; onely this Jafi f1m1htude ts deficient in one
l'ropriety, and that is a perpetuity or continuance in that frateof commixture with the a.ir, but the former does more neerly approach td the
llature and manner of the air's being diifolv'd by this fluid or .?Ether.
And this Similitude wil1 further hold in thefe proprieties; that as thofe
tintlures may be increafed by certain bodies,fo may they be precipitated
by others; as I fhall afterwards fhew it to be very probable, that the like
accidents happen even to the Air it felf.
.
Further~ as thefe folutions and tincrutes do alter the nature of thefe
fluid bodies,asto their aptnefs to propagate a motion or itnpulfe through
them, even fo does the particles of the Air, Water, and other fluid ho~
dies, :tnd ofGlafs, Cryftal, &c. whidi are commixt with this bulk of the
...£ther, alter the motion of the propagated pulfe oflight; that is, where
thefe more bulkie particles are more plentifull, and confequently a leiTer
quantity of the dither between them to be mov' d,there the motion mufi:
~cd.F.uily be 't he fwifter,though not fo robuft, which will produce thole
dfetl:s, which I have (I hope) with fome probability, afcribeJ to it in
the digreffidl'l about Colours, at the end 'of the Ohfervations on .i l1tf
c011y-glajf.

~

Now, that other Stones, and thofe which have the clofefi and hardefr
textures, and feem (as far as we are able to ·difcover with our eyes1
though help' d with the heft Microfcopes) freeft ft'otn pores, are )'et not.;
withfia-nding replenifh' d with them; an lnfiance ot two will, I f4ppofe,
make more probable.
A very folid and lmftaw'd piece of deer white Marble, ifit be well
polifh'd and glaz'd, has fo curioully frnooth a fuiface, thatthe heft and
moft politl1ii furface of ahy wrought-glafs, feems ~otto the naked eye,
nor through a Microfcope, to be more fmooth, and lefs porous. Apd yet,.
t:hat this hard dofe body is replenilh'd with abundance of pores, I think
thefe following Experiments will fufficiently prove.
The firft is, That if you take fuch a piece, and for a pretty wh1le boy l
it in Turpentine and Oyl ofTurpentine, you lli~ll find that t~e fione will
be all imbu' d. with it; and whereas before it look' d more wlme,but more'
opacous, now it will look more greafie, but be much more tranfparent,
and if you let it lie but a little while, and tlren b~eak ~ff a part ofit,. you
fball fin<! the unctuous body to have penetrated 1t to fuch a detenm.nate
depth every way within the furface. This may be yet eafier trfd wt~h a
piece of the fame Marble, a little warm' din the fire,an~ then a ltt~l~ Pttch
or Tarr melted on the top of it; fur thefe black bodtes, by therr mfinuating themfelves into the invifible peres ofthe ftone, ting it w~h fo bl.ack
a hue, that there can be no further doubt of the truth of thts aff'eruon,
that it abounds with fmall imperceptible potes.
. .
Now, that other bodies will alfo fink into the pores o~ MarPle, befid~s
HnUMm, I have tty'd, and found, that a very Blue tmcrure made. I?
p
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JPirit ej'Vrine would very readily and eafily fink into it, as would aHo
feveral tinctures drawn withJPirit ofWme.
No~ is Marble the only feerningly clofe frone,which.hy.other kinds of
Experiments may be found porous; for I have by this ktnd ofExperiment on divers other fiones found much the fame effect, and in fome, indeed much more notable. Othtr fiones I have found fo porous.) that with
the Microfcope I could pctrceive feveral fmall winding holes, much like
Worrn-holes,as I have noted in [orne kind of PHrheck.;fl~ne, by looking on
thefurfltceof a piece newly flaw'd off; forif otherwife, thefurface has
been long expos' d to the Air, or has been fcra ped with any tool, thofe
fmall caverns are fill'd with dufr,and di[appear.
And to confirm this ConjeCiure, yet further,! £ball here infert an excellent account,given into the Royal society by that Eminently Learned Phyfician, DoCtor Godd~trd, of an Experiment, not lefs inl1n1ctive~then curious and accurate, made by himfelf on a very hard and feemingly clofe
fione call' d Omhu lld11ndi, as I find it preferv'd in the Records of that
Honourable Society.

A fmall ftone of the kind, call'd by fome Authours, Oculus
Mundi, being dry and cloudy, weigh'd 5 ~ Grains.
The fame put under water for a night, and fomewhat more,
became tranfparent, and the fuperficies being wiped dry,
weighed 6 ~; 6 Grains. ·
The difference between thefe two weights, o ~~: of a Grain
The fame Stone kept out of water one Day and becoming
cloudy -again weighed, s ::~ Graines.
Which was more then the firil: weight, o,;: of a Grain.
The fame being kept two Days longer weighed, 5::~ Graints.
Which Wai lefs then at firil:, o~7 , of a Grain.
Being kept dry fomething longer it did not grow fenfibly
lighter.
Being put under water for a night and becoming again tranfparent and wiped dry, the weight was, 6~~ 6 Graim, the fame
with the firft after putting in water, and more then the laft
weight after keeping of it dry, o,s.: of a Grain.
Another Stone of the fame kind being variegattd with milky
white and gray like fome forts of Agates, while it lay under water,
was alwaies invironed with little Bubbles, fuch as appear in
water
)
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water a little before boyling, next the fides of the Veffel.
There were alfo fome the like Bubbles on the Surface of the
water juft over it, as i( either fome exhalations came out of it,
or that it did excite tome fermentation in the parts of the water
.
.
contiguous to lt~
There was little fenfible difference in the tranfpa_rency of this
Stone,before the putting under water, and afi:er : To be fure the
milky-white parts continued as before, but more difference in
weight then in the former. For whereas before the putting
into the water the weight was r 8,:: Graines. After it ha~ lyen
in about four and twenty hours the weight was 2o ::~ Graines, fo
the difference was, r ,58H Graines.
The fame Stone was infufed in the warer fca1ding hot, and fo
continued for a while after it was cold, but got no more weight
then upon infufing .in the cold, neither was there any fenfible
Ditferenee in the weight both times.
1

In which Experiment,thcre are three Obfervablef',th:tt feem 1'frY manifefily to prove the poroufnefs of thcfe feemingly dote bodies: the firll:
is their acquiring a tranfparency, and lofing their whitenefs afrer fieeping'
in water, which will feem the more firongly to argue it, if what I have
already faid about the making tranfparent, or darifyin{.T of fome bodies1
as the white powder of beaten Glafs, and the froth offome glutinous
tranfparent liquor be wellconfider'd; for thereby it will feem rational
to think that .this tranfpatency aritc:s from the infinuation of the water
(which has much the fame refratl:ion with fitch fi-ony particles, ~a may be
difcoverd by Sand view'd with a Microfcopc)into thofe pores which were
formerlyTepteat with air {that has a vay differing refraction, and confequently is,very refleCtive) which feems t<? be coo firm'd by the fecond
Obferval>l~ nameiy; the-incrfafe N'..,..dghr after fteepin'g, :tnd -decreafe
upon drying. And thirdlyJeem'd yet more fenfibly confirm'd by the multitude ofblibblesia tbelafr Experiment,
Wefindalfu mofl: Ac:id Salts very readily to diflOlve and feparate the
parrs of thif body one from ~mo~her ~ which is yet a furtht-r Argument to
:confirm .the poroufoefs .ot bodte~- arid will ferve as (uch, ro fhew that
-4'Ym OlatS alfo has an a&uncia nee of pOteg in it,fince there are feveral li·
JiUOfs, that with long thaying in a OlafS, will fo Cot'rod8 and eat into it, as
at lafi; t<(make ir ~_petvioui-.to the liquor it ~ontain'd, of which I have
i

feen very .many Inftahceg.
· ·•
.
Since dleiefore. we fin~ by other pll)0f9, that rnany of thofe bod.ies
..
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which we think the mofi: folid ones, and appear fo to our fight, have notwithftanding abundance of thofe grofier kind .of pores, which. will admit feveral kinds of liquors into them, why fuould we not believe that
Glafs and all other traniparent bodies abound with them, fince we have
many other arguments, befides the propagation of light, which feem to
argue for it ?
And whereas it may be objected, that the propagation of light is no
argum~nt that there are thofe atomical pores in glafs, fince there are HJpothe.fts plaufible enough to folve thofe Ph£nomena, by fuppofing the
pulfe onely to be communicated through t~e tranf.l:arent ~ody.
To this I anfwer, that that Hyp~thejis which the mdufinous MoreamM
has publifh' d about the flower motion of the end of a Ray in a denfcr
meditmJ,then in a more rare :md thin,feems altogether unfufficient to f6lve
abundance of Ph£nomena, of which this is not the leafr confiderable,that
it is impoffible from that fuppofition, that any colours fhould be generated from the refraCtion of the Rays ; for fince by that H.JPothejis the
undulating pu!fe is always carried perpendicular, or at right angles with
the Ray or Line of direction, it follows~ that the frroke ·of the pulfe of
light, after it has been once or twice refraCt:ed (through a Prifme,for example) mufr affetl: the eye with the fame kind of {hoke as if it had not
been refraCt:ed at all. Nor will it be enough for a Defendant of that HJ·
po~hejs, tofay, that perhapsitis becaufe t.he r~fratl:ionshavemadethe
Rays more weak, for if fo, then two refracbons 10 the two parallel fides
of a i{!!adrangu/ar Prifote would produce colours, but we have ne fucb
Ph£n1mena produc' d.
There are feveral Arguments that I could bring to evince that there
are in all tranfparent bodies fuch atomical pores. And that there is fuch
a fl?id body as I am a:guin.gfor, whi~h is the mediltlll,or lnfirument,by
wh1ch the pulfe of Ltght Is convey d from the btcid body to the cnlightn' d. But that it being a digreffion from the Obfervations I was recording, about the Pores of KetteriNg Stone, it would be too muchfudt;
if I fhould protraCt it too long; and therefore I iliall proceed. to the
next ob.fer'ilation.

Obferv. X:V L Of Charcoal, or 611Tnt Vegetables.
Harcoal,or a Vegetable burnt black,affordS anobjett:nolefi~
than infiruCt:ive ; for if you take a fmall round Charcoal,and bRak
it fbort with your fing_ers, you may perceive it to break with a veq
fmooth and Oeek furface, ahpofi like the furface of black fc:aling W~
this furface, if it be look' don wid~ an ordinal"')' .Micro.fo6pe, doesmaoifti
abundance of thofe pores which are alfo vifiblc -to the eye in many kir$
of Wood, rang' d round the pith, both a in kind ·of circular order., anc!.a
radiant one. Of thefe there are a multitude in the fubfiancc.of.theeml,
every where almofi perforati~&· ~nd drillihg it fi'Om end tacndi; by
means
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means of which, be the Coal never fo long, you may eafily blow through

it ; and this you may prefently find,by wetting one end ofit with Spittle,
and blowing at the other.
But this is not all, for befides thofe many great and confpicuous irregular fpots or pores, if a better Microfcope be made \11fe o£ there will appear ~n infinite company of exceedingly fmall, and very regular pores,
fo thtck and fo ordcrl y fet, and fo clofe to one another, that they leave
very little room or fpace between t~em to be fill'd with a fulicl hody,for
the apparent 'interflitia, or fcparaung fides of thefe pores feem fo thin in
fome places, that the texture of a Honey-comb cannot 'be more porous.
Thongh this be not every where fo, the intercurrent partitions in
fome places being very much thicker in propor'tion tO the holes. ,
Mofi ofthefe fmall pores feem'd to be pretty round, and \iere:tang'd
in rows that radiated from the pith to the bark.; ,they all of them
feem'd to be coutinued open pores, running the whole length of the
Stick; and that they were all perforated~ I try 'd by breaking off a very
thin fliver of the Coal crofs-ways, and then with my hlicrtfcope,diligently furveying them againfi the light, for by that means I was able to fee
quite through them.
.
Thefe pores were fo exceeding fmall and thick,that in a line of them,
~~ part of an Inch long, I found by numbring them no lefs then 1 50.
finall pores; and therefore in a line of them an Inch long, mufi beno lefs
then 2 700. pores, and in a circular area of an Inch diameter, mufi be
about 572 53
of the like pores; fo that a Stick of an Inch Diameter,
may containe no ld5 then feven hundr,cd and twenty five thoriGnd, he·
fides 5 Millions of pores,which would, I doubt not, feem t::ven incredible;
were not every one left ~o believe his ·own eyes. Nay, having finca examin'd Coctn, bladz andgreen ;EbonJ, Lignum f/it~e,&c. I found, that all
thefe Woods have their pores, abundantly frnaller:then thofe of foft light
Wood; in fo much, that thofe of Guajacum feem' d no.t above ·an eighth
part of the bigneiS of the pores of Beech, but then the Inte_-rftitia wer..e
thicker; fo prodigioufly curious are the contrivances, pipes) odluces by
which the .succm nHtritiM, or Juyce df a Vegetable is convey:d f11om
place to place.
.
·•
, J •. r· •
This Obfervation feems to afford us the true reafon of fevcral• Ph~tno11tena of Coals ; as
·i · . ·
.
·
·
Firfi, why they l~ok black; and for this we need g~ n? furth_e~ th~n
the scheme, for certamly, a body that has fo many pores mIt as this Is difcover'd to have, from each of which no light is retlelt:ed, mufrbebefiarily'
look black, efpecially, when the pores-are fomew4at#biggerinproportion to the intervals then they are cut. in the .schi1J!e, "black be~ · nothing
elfe but a privation of Light, or a want of refl~iqn ; and . whe~:efover
.this reflecring quality is deficient, there d~es ~at part loo~ black~ iW?e·
ther it be from a poroufnefs of the body, as m thislnfinnce,or m n.deadmng
and dulling quality, fuch as I have obferv'"'d in the scori4 of,Lead, Tin,
Silver, Copper, &c.
.
·
. .'. :.
: -! :
Next, we may alfo as p1atnl y f~e the rea.foo of Jts ih10mg qualtty., .and
that
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that is from the even breaking off of the fiick, the folid inttrflitia
having a regular termination or furfact;, and having a .pretty llrong re·
fleeting quality, the many fmall refleenons become umted to the naked
eye, and make a very pretty iliining furface.
Thirdly ,the reafon of its hardnefs and brittlenefs feems evident,for: fince
all the w.atery or liqu~d fubfrance that moiHn'd aBd tough?'d thClfe INt.erflitia of the more fohd parts, are evaporated and remov ~' tb~t whtch
is left behind becomes of the nature almofr of a fl:one, whtch will not at
all, or very little,bend without a div1t!fion o: folution of its contin'Hi'J·
It is not my defign at prefent, to examme the ufe and Mechaniftm of
thefe part! of Wood, that being more proper to another Enquiry ; but
rather to hint, that from this Experiment we may learn,
.
.
Firft, what is the caufe of the blacknefs of many burnt bodies, whrch
we may find to be nothing elfe but this; that the heat. of the fire agitating and rarifying the wateriib, trar.fparenr, and volattle water that is
contain'd in them,bythe continuation of that atl:ion,does fo totally expel
and drive away all that which li>efore fill d the pores, and was difpet&'d
alfo through the folid mafs of it, and thereby caus· dan univerfal kind of
tranfparency, that it not onely leaves all the pores empty, but all the bz•
ter.ftitia alfo fo dry and gpacotH, and perhaps alfo J'et further perforated,
that that light onely is reflected back which falls upon the very outward
edges of the pores,,all they that enter into the pores of the body, never
tdurniag, but being lofi in it.
Now, that the Charring or coa1ing of a body is nothing elfe, may be
eafily believ'd by one that Lhall confider the means of its production,
which may be done after this~ or any fi1ch manner. The body to be
kharr'dan:oal'd, may be put into a Cnrcible,Pot,or any other Vefiel that
willendrire to be made red·hot in the Fire without breaking, and then
eQver'd o-ter with Sand, fo as no part of it be fuffer'd to be open to the
Air;-then.fetinto a g.ood Fire, and there kept till the Sand has continu'd
red horn a quarter, half, an hour or two, or ruore, according to the
nature atJd bignefs ofthe body to be coal'd or charr'd) then taking it out
ofthe Eire, and letting it fiand till it be quite cold, the body may be taken
out of the Sand well charr'd and cleans'd of its wateri{h parts; but in tht:
t~gnfit: out, 'care mutl be had that the Sand :be very neer cold, for
elfe, when it comes into the free air, it will tak~ fire, and readily burn

away ·,,

_

: l'his maybe dooe-.al~in any. clofe Vdfel ofGiaiS,as a Rett'Wt, or"th~
hkc1~:.rhe feveral fiutd fublbnces that come over may be receiv'd in
a .fit Reci.p_imt, which wiU yet further countenance this H]potlufU : And

t;;

th~it..,manna- ofchaiTi~~ ood in great quantity c(!rnes much the f.tme
tliing~oam~ly, an app!r~3tton of 2 great heat to the body, and prefcr\'ing
it. frinn..the .free accetS nft~ de-vouring air;. this· may be eafily Jearn'd
ftom t~Hifiory of Charrtng of Coal, moft e"tcellemly dtfcrib'd ·ana
pubfi{h:d by that mofraccomplifh'd Gentleman, Mr.1"h* If:vtiJII, in the
I.oo, I o I, I 03, pagt:s of his SJ!va, to which I !hall therefore rr~r the CU.•
rlous.R;~dl:F that dcfirts-a full infu.rntation of it, .
' '
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Next, we may learn what part of the Wood it is that is the comhujlible
matter; for lince we fhall find that none, or very little of thofe fluid fub"'
fiances that are .driyen over i.nto .the ~eceiver nrc comb":fti~le, and that
mofr of that which Is left behmd IS fo, It follows, that the fohd interftitia
of th~ Wood are the ~mb":ftible matter. Further, t~e r~afon why uncharr d Wood burns wuh a greater flame then that which ts ~rharr· d is as
evident, becaufe thofe waterifh or vola til parts ifiuing out of the fired
Wood, every way, not onely !batt~r and open the body, the better for
the fire to enter, but i!Iuing out in vapours or wind, they become like
fo many little trolipiles, or Bellows, whereby they blow and agitate the
fir'd part, and conduce to the morefpeedy and violent confumptionor
diifolution of the body.
Thirdly, from the Experiment of charring of Coals (whereby' we fee
that notwithf1anding the great heat, and the duration of it, the folid
parts of the Wood rein:.in, whilefi they are preferv'd fi-om the free accefs
of the air undiffipated) we may learn,that which has not,that I know of,
been publifh'd or hinted, nay, not fo much as thought o(, by any; and
that in fhort is this.
·
Firfi, that the Air in which we live, move, and breath, and which encompafies very many, and cherifhes moll: bodies it encompafies, that this
Air is the men.ft_rmtm,oruniverfal diffolvent of all sulphureom bodies.
Secondly, that this af1ion it performs not, till the body be firfi fuffi•
ciently heated, as we find requifite alfo to the difiolution of many other
bodies by feveral other menftrmtms.
Thirdly, that this aCfion of difiolution, produces or generates a very
great heat,and that which we call Fire; and this is common alfo to many
difiolutions ofother bodies, made by mmflrHU11ts! of which I could give
multitudes of Infiances.
Fourthly; that this aCiion is perforrn'd with fo great a violence, and
does fo minutely act, and rapidly agitate the fmallefr parts of the con:thu{lible matter, that it produces in the diaphanoM medium of the Air, the
altion or pulfe of light, which what it is, I have elfe-where already fhewn.
Fifthly ,that the dif!olution of fulphureous bodies is made by a fubfiance
inherent, and rnixt with the Air, that is like, if not the very fame, with
that which is fixt in 8 alt-p6ter, which by multitudes of Experiments tlut
may be made with Saltpeter, will, I think, moil: evidently be dernonfirated.
Sixthly, that in this dijfobttion of bodies by the Air, a certain part ·is
united and mixt, or diffolv'd and turn' d into the Air, and made to fly up
and down with it in the fame rnann,er as a metaUine or other body diffolv' d into any me11jirmtms, does follow the motions and progreHes of
that menflruum till it be precipitated.
.
Seventhly, That as there is one part that is diffoluble by the Air,fo are
there other parts with which the parts of the Air mixing and uniting,
do make a Cot~gulum, or precipitation, a.s one may call it, which catlf~s
it to be feparated from the Air, but this precipitate is (o light, and m
fo fmall and rarify' d or porous clufiers, that it is very vola til, and is eaftly
c.arry'd up by the motion ofthe Air,though afterwards, when the h~at ~nd
agaauon
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-agitation that kept it rarify'~ ceafes,it ealily condenfes,and co!Dm~xt with
'Other indiffoluble parts, 1t lhcks and adheres to the next bodies It meets
withall; and this is a certain salt that may be extracted out of soot.
Eighthly, that many indHfoluble parts being very apt and prompt to
berarify'd, and fo, whileft the.y continue in that heat and agitation, are
lighter then. tbe Ambient Air, are thereby thruft a~d carry'd upwards
with great VIolence, and by ~ha,t means carry along With the~, not '?t'tely
that saline concrete I mentton d before, but many terrefirtal, or mdiffoluble and irrarefiable parts, nay' many parts alfo which are diffoluble,
but are not fuffer' d to fray long enough in a fufficient heat to make theih
prompt and apt for that.afrion. And t~erefore we find in soot, !lot oue~y
a part, that being contmued longer m a competent heat? ~Ill be dtC.
folv'd by the Air, or take fire and burn; but a part alfo whtch Is fixt, ter·
refirial, and irrarefiable.
Ninthly, that as• there are thefe feveral parts that will rarifie acd fly,
or be driven up by the heat, foare there many others, that.as they are
indiifolMbJe by the aeriAl menjlru11m,fo are they of fuch Ougg1fh and grotS
parts, that they are not eafily rarify' d by heat, aPd theretore cannot be
-rais'd by it ; the volatility or fixtnds ofa body feeming to confifi only in
this, that the •One is of a texture, or has component parts that will be
cafily rarify' d into the form of Air, and the other, that it has fuch as wiJI
not,without much ado,be brought to fuch a confiitution ; and this is that
part which remains behind in a white body call'dAfhes, which contains
a fubftance,or Salt, which Chymifts call.A./k_a/i:what the particular natures
'Of each ofthefe bodies are, I f.ball not here examine, intending it in an'Other place,but fhall rather add that this Hypothifi! does fo exactly agree
with all Phttnomena of Fire, and fo genuinely explicate each particular
circumfiance that I have hitherto obferv' d, that it is more then probable,
that this caufe which I have affi.gn' dis the true adequate, real, and onely
caufe of thofe Phttn1mena; And therefore I Lball proceed a little fut·
ther, to fhew the nature and ufe of the Air.
Tenthly,therefore the dilfolving parts of the Air are but few ,that is,it
feems of the na!Ure ~f thofe s~l~rre menflrmt»u, or fpirits, that have very
much flegme mixt wtth the fpmts, and therefore a fmall parcel of it is
quickly glutted, and will dilfolve no more; and therefore unlefs fome
fre~ part of this menflruum. be apply'd to the body to be diifolv·d, the
acbon ceafes, and the body leaves to be dilfolv'd and to fhine. which is
the Indication of it, though plac'd or kept in the greatefi heat; whcreas
Salt-peter is a meN.ftruum, when melted and red-hot, that abounds more
with thofe Diffolvent particles, and therefore as a fmall quantity of it
will diifolve a great fulphureous body, fo will the diifolution be very
quick and violent.
Therefore in the Eleventh place, it is obfervable, that, as in other
folutions, i( a copious and quick fupply of frefh menflruum, though but
weak, be poured on, or applied to the diifoluble body, it quickly confumes it : So this menftruum of the Air, if by Bellows, or any other fuch
contrivance, it be copioufly apply'd to the fhining body, is found to
dillolve
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di£folve it as foon, and as violently as the more !hong mmjlruum of
melted Nitre•
. Therefore twelfthly, it feems reafonable to think that there is no fuch
thingasan Element of Fire that fhould attractor drawup the flame or
tow~rds which the flame fhould endeavour to afcend out of a deiir~ or
appetite of uniting with tha.t ~sits Homogeneal primi~ive aud generating
Element; but that that fhmtng tranfient body wh1ch we call Flame, is
nothing dfe but a mixture ofAir, and vola til fulphureous parts of difioluble or combutl:ible bodies, which are acting upon each other whil•ll
they afcend, that is, flame feems to be a mixture of Air, aLld the combuftible volatil parts of any body, which parts the encompaffing Air
does di{folve or work upon, which action,as it does intend the heat of the
aerial parts of the di£folvenr,fo does it thereby further rarifie thofe parts
that are atl:ing, cr that are very neer them, whereby they growing much
lighter then the heavie parts of that Menflruum that are more remote,are
thereby protruded and driven upward; and this·may be eafily obferv'd
alfo in difiolutions made by any other menflruHm) efpecially fuch as either
create heat or bubbles. Now, this action of the Mcnjl11um, or .Air, on the
diifoluble parts, is made with fuch violence, or is fuch, that it imparts
fuch a motion or pulfe to the diaphanoTH parts of the Air, as I have elfewhere fhewn is requifite to produce light.
This Hypothejs I have endeavoured to raife from an Infinite ofObfer•
vations and Experiments, the procefs of which would be mucl\ too long
to be here inferted, and will perhaps another time afford matter copious
enough for a much larger Difcourfe, the Air being a Subjeet which
(though all the world has hitherto liv'd and breath'd in,and been uncon..
verfant about)has yet been fo little truly examin'd or explain'd,that a di.o
ligent enquirer will be able to hnd but very little information from what
has been (till oflate) written of it: But being once well underfiood, it
will, I doubt not, inable a man to render an intelligible, nay probable, if
not the true reafon of all the Phtenomena of Fire, which, as it has been
found by Writers and Philofophers of all Ages a matter of no fmall diP.
ficulty, as may be fufficiently underfiood by their firange Hypothefes, and
unintelligible Solutions of fome few Phtenomena of it ; fo will it prove a
matter of no fmall concern and ufe i.n humane affairs, as I £ball elfew here
endeavour to manifefi when I come to iliew the ufe of the Air in refpiration, and for the prefervation of the life, nay, forthe confervation and
refiauration of the health and natural <;onfiitution of.mankind a~ well as
all other aereal ·animah, asalfo the \1fes of this principle or propriety of
the Air in chymical, mechanical, and other operations. In this place I
have onely time to hint an Hypothejis, which, if God permit n1~ )ife,and
otfportunity, I may elfewhere profecute, improve and publifP~ Ip t4e
mean time, before I finifh this Difcourk, I mu(t not forget to acquail)t,thtt
Reader,that having had the liberty granted me of making fome trials on
a piece of Ligmtm foffile fhewn to the Royal Society, by the eminently
Ingenio-us and Learned Phyfician, DoCtor Ent, who receiv' d it for a Prefent from the famous Ingeniofo CavaUiero de Po:z;zi,it being ome ofthe fairefr
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and bc;ft pieces _of Ligmmt foffile h: ?a~ feen; H~ving (I f1y) taken a
fmall piece ?f thts Wood, and exa?'lm d It, I found It to burn m the open
Air alrnofi hke other Wood, and mfteed of a refinous frnoak or fume
it yielded a very bituminous one, fmelling much o~ that kind of fent: Bu~
that which I chiefly took notice o£; was, that cut_ung_ o!f a fmall piece of
it, about the bignefs of my Thumb, and charrm(?; It m a CrNCible with
Sand, after the manner I above prefcrib'd, I found tt infinitely to abound
with the fmaller fort of pores, fo extreme thick, and fo regularly perfo.
rating the fubfl:ance of it long-ways~ that breaking it off a-crofs, I found
it to look very like an Honey-comb; but as for any of the fecond, or
bigger kind of pores, I could not find that it had any ; fo that it feems,
whatever were the caufe of its produCtion, it was not without thofe
linall kind of pores which we have onely hitherto found in Vegetable bodies: and comparing them with the pores which I have fuund in the Char·
coals that I by this means made of feveral other kinds ofW ood, I find it
refemble nonefo much as thofe ofFirr, to which it is not much unlike in
grain alfo, and feveral other proprieties.
And therefore,what ever is by fome, who have written ofit,and parti·
cnlarly by Francifco SteUutll, who wrote a Treatife in Italian of that Sub..
jecr,which was Printed at Rome, 1637. affirm'd that it is a certain kind of
Clay or Earth, which in traCt of time is turn' d into Wood,I rather fufpefr
the quite contrary, that it was at firfl: certain great Trees of Fir or Pine,
which by fome Earthquake, or other cafualty, came to be buried under
the Earth,and was there,after a long time's refidence(according to the fe·
veral natures of the encompaffing adjacent parts)either rotted and turn'd
into a kind of Clay, or petrifYd and turn'd into a kind of Stone, or elfe
had its pores fill'd with certain Mineral juices,which being ftayd in them,
and in tratl: of time coagulated, appear' d, upon cleaving out,like fmall
Metaline Wires, or elfe from fome flames or fcorching forms that are the
occafion oftentimes,and ufually accompanyEarthquakes,might be blafied
and turn'd into Coal, or elfe from certainfobterrane~uf fires which are
affirm'd by that Authour to abound much about thofe parts (namely, in
a Province of Ita!J, call'd Vmbria, now the Dutchie of spoletto, in the
Territory ofTodi,anciently call'd T~tdor;and between the two Villages of
CtJUefecco and Roforo not "far difiant fi:om the high-way leading to RD111t,
where it is.found in greater quantity then elfewhere )are by reafon of their
being encompaff'ed with Earth, :md fo kept clofe from the difiolving Air,
charr'd and converted I into Coal. It would be too long a work to de·
fcribe the feveral kinds ofpores which I met wit hall, and by this means
difcovered in feveral other Vegetable bodies; nor is it my prefmt defign
to expatiate upon Infl:ances of the fame kind: but rather to give a Spe·
cimen of as many kinds as I have had opp_ortunity as yet of obkrving, re•
ferving the profecution and enlarging on partic.:ubrs till a more &t opo
portunity; and in profecution of this dcfign, Itball here add :
• t
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XV I I. OfPetrify'd wood, andother Petrify'd bodies.

F ~his fort of fubfia_nce, I obferv'd fevenil pieces _of very differing
kmds) both_for their outward _fhape, colour, g~am, textHre, hardnelS,
fome bemg brown and red1fh; others gray, like a Hone ; others
black, and Flint-like ; fome foft)ike a Slate or Whetfioue, others as hard
as a Flint, and as brittle. That which I mbre particular examin'd,was a
piece about the bignefs of a mans hand, which feem' d to have been a part
of fome large tree, that by rottennefs had been broken off from it before
it began to be petrify'd.
And indeed, all that I have yet feeh, feerh to have been rotten Wood
b~fo~e the petrifaC'cion was begun; ~nd ~1ot long fince, examining and
v1ewmg a huge great Oak_, that feem d with meer age to be rotten as it
fiood, I was very much confirm' d in this opinion ; for I found, that the
grain) colour, and fhape of the Wood, was exactly like this petrifj'd fub'ilance; and with a Microfcope, I found, that all thofe Microfcopical pores
which in fappy or firm and iound Wood are fill'd with the natural or in~
nate juices of thofe Vegetables, in this they were all empty, like thoffj
of Vegetables charr'd; but with this difference, that they feem'd much
larger then I have feen any in char-coals; nay, even then thofe of Coals
made of great blocks ofTimber, which are commonly call'd old-coals.
The reafon of which difference may probably be, that the charring of
Vegetables, being an operation quickly perform'd,and whilefi the Wood
is fappy, the more folid parts may more ealily fhrink together, and contract the pores or interjtitia between them, then in the rotten Wood,
where that natural juice feems onely to be walb'd away by adventitiotn
or unnatural moifiure; and fo though the natural juice be wafied from
between the firm parts, yet thofe parts are kept afunder by the advcnti·
tiou.r moyfiures, and fo by degrees fettled ih thofe poftures.
And this I likewife found in the pettify'd Wood, that the pores were
fomewat bigger then thofe of ch~rcoal, each pore being neer upon half
as bigg again, but they did not bear that difproportion which is exprell:
in the tenth scheme, between the ftnall fpecks or pores in the firfi Fi~
gure (which reprefenteth the pores ofCoal or Wood chart' d) and the
black fpots of the fecond Figure (which reprefent the like lUicrofcopical
pore.r in the petrifYd Vv'ood) for thefe lafi were drawn by a Microfcope that
magnify'd the objetl: above fix times more in Diameter then the Micro . .
[cope by which thofe pore~ of Coal were obferv'd.
Now; though they were a little bigger, yet did they keep the exact
figure and order of the pores of Coals and of rotten Wood, which lail
alfo were much of the fame cize.
The other Obfervations on this petrifj'd fubfiahce, that a whlle fince,
by the appointment of the R.DJ~l Sor.iety, I made, and prefented to them
an account of; w~rc: thefe that follow,· which had the bonourdone_~heni
Q..2
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by the moll: accomplifh'd Mr. Eve/in, my highly honour:d friend, to .be
inferted and pub!i~ed among thofe excellent Obfervattons w}lerew1th
his s tva is replendh d, and would therefore have been here omttted,had
1
not the Figure of them, as they appear' d through the JtlicrofoO}e been
before that engraven.
.
This Petrify'a fubfiance !efemb}ed Wood, m. that
.
Firfi, all the parts of It feem d not at all difl()cated, or alter d from
their natural Pofition, whil'fi they- were Wood, but the whole piece retain' d the exaCt fhape of Wood, having ~any of ~he co~fpicuous J:'OfCS
of wood frill ·remaining pores, and fhewmg a mamfefr difference vdible
~nough between the grain of the Wood and. that of the b~rk, efpec.ially
when any fide of it was cut fmooth and polite ; for then It appear d to
have a very lovely grain, like ~hat of fome curious clofe ~ood.
Next (it refembled Wood) m that all the fmaller and ( tfl may fo call
thofe which areonely vifible with a good magn!fying Glafs) !'-f~cr'.foopi
cal pores of it appear (both when the fubfiance ts cut and pohfh d tra11f
verflJ and parallel to the pores of it) perfectly like the Microfcopical pores
of feveral kinds of Wood, efpecially like and equal to thofe of feveral
forts of rotten Wood which I have fince obferv' d, retaining both the
ihape,pofition and magnitude of ft1ch pores. It was differing from Wood:
Firfr~ in weight, being to common water as 3~ to 1. whereas there are
few of our Englifo Woods, that when very dry are found to befullat
heavie as water.
Secondly, in h4rdnef, being very neer as hard.as a Flint; and in fome
places of it a]fo refembling the grain of a Flint: and, like it, it would
very readily cut Glafs, and would not without difficulty, efpecialJy in
Jome parts of it, be fcratch'd by a black hard Flint: It would alfo as rea•
dily ftrike fire againfr a Steel, or againft a Flint, as any common Flint.
Thirdly, in the clofenef of it, for though all the Microfcopical pores of
this petrifYd fubfiance were very confpicuous in one pofition ,yet by al·
tering that pofition of the polifh'd furface to the light, it was alfo mani•
fefr, that thofe pores appear'd darker then the refr of the body, onely
becaufe they were fill' d up with a more duikie fubfiance, illld not becaufe they were hollow.
Fourthly, in its incombuflib/eneJ, in that it would not burn in the fire;
nay,though I kept it a good while red-hot in the flame of a Lamp, made
very_intenfe by the blaft o_f ~ ~m~ll.Pipe, and a large Charcoal, yet it
feem d not ar all to have dtmtmfh d Its extenfion; but only I found it to
have chang'd its colour, and to appear of a more dark and dufkie brown
colour; nor could I perceive that thofe part!! which feem'd to have been
Wood at firfr, were any thing wafted, but the parts appear'd as folid and
clofe as before. It was further obfervable alfo, that as it did not confume
like Wood, fo neither did it crack and flie like a Flint, or fuch like hard
Stone, nor was it long before it appear' d red-hot.
Fifthly, in its diflilub/~nejf; for putting fome drops of diilill' d VinegArupon the. Stone1 I found It l?r~fent~Y. to yield very many Bubbles, jufi like
thofe whJch may be obferv d m fptnt of Vineg4r when it corrodes ciJf'als,
though

M 1 c Roc; R A. pH 1 A;

to9

rhough perhaps marly of thofe fmaii :BubBles might pro~eeci ironi fome
ftnall parcels of ~ir whic!l w~re .driven out of the pores of this petriffd
fubfrance by the mfinuatmg bqutd menjirim»t.
. _
..
, .
Si~tbly, in it-s rigidnefs and friability, being not at alf flexible buf
brittle like ~a Flint, intOinuch thai: I could with one knock of a Hammer
break otf a piece of it, and with a few rl:!ore, reduce iliat into a pretty
fine powder.
.
Seventhly, it feem' d alfo vtry differing from W?od to the tqHch,feeling more cold then Wood ufually does, ahd m4ch like othet clofe fiones
and Minerals.
.
The Reafons of all \.vhich Ph.enomena feem to be,
,
,
That this petrifY d Wood having lain in fome place whhe it was weU
40ak.'d withpetr:ifjiitg water (that is: fuch a water as is well impregva.t ed
with frony and earthy particles) did by degrees fepar4!te,either by fuaining and filtration, or perhaps,by precipitation, cohejien Ol COIIf.'tfati(Jn,abun;,
dance of fiony particles from the permeating water, which fiony particles,being by means of the H~id vehicle convey·d~notonely into the Jl.-L icroji:opical pores, and fo perfetl:ly fioping them up~ but alfo into the pores
or itJtcrftiti a, which may= perhaps, be even .in the texture or schematifme
of that part of the Wood, which, through the J14icrofcope,appears moll: fo..:
lid, do thereby fo augment the weight of the Wood, as to make it above
three times heavier then water~ and perhaps, fix times as heavie as it was
when Wood.
.
Next, they thereby fo lock up and fetter the parts of the Wood, that
the fire cannot eafily make them flie away;but the action of the fire upo.ri
them is onely able to char thofe parts, as it were, like a piece of Wood,if
it be clo5'd very fafi up in Clay,and kept a good while red-hot in the fire;
will by the heat of the fire be charr'd and not confum'd, which inay, perhaps, alfo be fomewhat of the caufe, why the petrijj'dfubftance appear'd
of a dark brown colour after it had been burnt.
By this intr~~jon of the petrifjing partidei, this fubWtnce alfo becomes
hard and fria~le; for the fmaller pores of the WoCld being perfefrly
wedg'd, and fiuft up with thofe fiony particles, the fmall parts of th~
Wood have no places or pores into which they may flide upon bending,
aQd confequently little or no flexion or yielding at all can be caus'd iri
fuch a fubfiance.
The remaining particles likewife of the \:Vood among the fi:ony par..:
tides, may keep them from cracking and flying when put into the .fire,
as they are very apt to do in a Flint.
Nor is Wood the onely fubfrance that may by this kind of trt~nfnmta~
tifJ11 be chang'd into fione; for I my fe1fhave feen and examin'd -very
many kinds of fubftances, and among very credible Authours, we may
meet with Hifrories of fuch Metamorphofe.s: wrought almofi on all kind
offubfiances, both Vegetable and .Animal, which Hifiories, it is not my
bufinds at prefent, dther to relate, or epitomife, but only to fet down
fome Obfervation I lately made on feveral kind ofpetrifY d Shels, found
about Ktinfh•m, which lies within four or five mpes of Briflol, which ar_e
commonly call'd serpentinc:fiones.
Exam1-
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Examining feveral of thefe very cu:iouily figur'd bodi~s (which are
commonly thought to be Stones form d by fome extraordinary P/aflicft
virt11e latent in the Earth it felf) I took notice of thefe particulars :
Firfi, that thefe figured bodies, or froncs, were of very differing fubfiances as to hardnefs: fome of Clay, fome Marie, fome foft Stone, al·
mofi of the hardnefs of thofe foft frones which Mafons call Fire,fione,
others as hard as Portland frone, others as hard as Marble, and fome as
hard a a Flint or Cryfial.
Next, they were of very differing fubfrances as to tranfparen~y and
colour; fome white, fome almofi black, fome brown, fome Metallme, or
like Marchafites; fome tranfparent like white Marble, others like flaw'd
Cryfial,fome gray, fome of divers colours; fome radiated like th~fe long
petriffd drops, which are commonly fmmd at the Peak_, and mother
fobterraneous cavern~, which have a kind of pith in the middle. .
Thirdly, that they were very dllferent, as to the manner of thetr out·
ward figuration; for fome of them feem d to have been the fubfiance
that had fill'd the Shell of fome kind of Shel-fifh; others, to have been
the fubfiance that had contain' d or enwrapp' done of thofe Shels,on both
which,the perfeCt impreffion either of the infide or outfide of fuch Shells
feem'd to be left, but for the mofi part, thofe impreffions feem'd to be
made by an imperfect or broken Shell, the great end or mouth of the
Shell being always wanting, and oftentimes the little end, and fometimes
half, and in fome there were impreHions, jufr as if there had been holes
broken in the figurating, imprinting or moulding Shell ; fome of them
feem'd to be madebyfuch a Shell very much brufed orfhtw'd, infomuch
that one would verily have thought that very figur'd fione had been
broken or brufed whilfr a geliy, as 'twere) and fo hard ned, but within
in the grain of the frone, there appear'd not the leafr Ggn of any fuch
brufe or breaking, but onely on the very uttermofi fuperficies.
Fourthly, they were very different,as to their outward coveringJ fome
having the perfeCt Shell, both in figure, colour, and fubfiance, fiicking
on upon its furface, and adhering to it, but might very eafily be fepa•
rated from it, and like other common Cockje or Sco/fJp-jhels, which fome of
them mofi accurately refembled,were very diffoluble in common Pinegar,
others of them,efpeci:llly thofe Serpentine, or Helical flDne.r were cover·d
or retained the fhining or Pearl-colour·d fubfiance of the in fide of a Shel,
which fubfiance, on fome parts of them, was exceeding thin, and might
very eafily be rubbed off; on other parts it was pretty thick, andretained a white coat, or flaky fubfiance on the top, jufi like the outfides
of fuch Shells ; fome of them had very large pieces uf the Shell very
plainly fiicking on to them, which were eafuy to be broken or flaked off
by degrees: they likewife, fome of them retain'd all along the furface of
them very pretty kind offotHres, fuch as are obferv'd in the tku!Js offeveral kinds of living creatures, which fotHres were mofr curioufly fhap·d
in th~ manner ofleav:s, and every one of.them in the fame Shell, exaftly
one bke another, whtch I was able to ?l~cover p}ainly enough with my
naked eye~ but more perfefrly and di!bnaJy With my Mit:rofcope; all
thefc
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thefe fotRres, by breaking fome of thele fi:ones,I found to be the termihl ·
or boundings of certain diaphragms~ot partititms;which feenfd to di vid~
the cavity of the Shell into a multitude of very proportionate and regular c~Ur or caverns, thefe Diapkra!f.ms, in many of thern, I found very per..
felt and compleat, of a very dtfhntl: fubfi:ance from that which fill'd the
cavities, and exactly of the fame kind with that which covered the out.;;
fide, being for the mofi part whitifb, or mother-of-pearl colour' d.
As for the cavities between thofe Diaphrag»u, I found fome of theni
filrd with Marie, and others with feveral kinds of fiones, others for the
mofi part hollow) onely the whole cavity was ufually cover:d ovef
with a kind of tartareoils petrifj'd fubfl:ance, whichfiuckaboutthefides J
and was there fhot into very curious regulat Figures, jufi as Tartar~ or
other difiolv'd Salts are obferv'd to fiick and cryjidUir.e about the fides of
the containing Vefiels; or like thofe little Viamant.r which I before ob~
ferved to have covered the vaulted cavity of a Flint; others had thefe
cavities all lin'd with a kind of metaUine or n~archajte-lifte fubfiance4
which with a Microfcope I conld as plainly fee mofi curioutly and regu...
lady figured, as I had done thofe in a Flint.
·
From all which, and fevcral other particulars 1vhich I obferv'd, I can•
not but think, that all thefe~ and mofi othc;t kinds of H:ony bodies which
are found thus firangely figured, do owe their formation and figuration~
notto any kind of Fl".ftick._ virtue inherent in the earth, but to the SheUs
of certain Shel-filhes, which, either by fome Deluge, Inundation, Earth
quake, or fome fuch other means, came to be thrown to that place; and
there to be fill 'd with fome kind of Mudd or Clay, or petrif)illg Water,
or fome other fubfiance, which in tract of time bas been fettled toge.£
ther and hardned in thofe fhelly moulds into thofe fhaped fubfiances we
now find them; that the great and thin end of thefe ~hells by that Earth-quake, or what ever other extraordinay caufe it was that brought them
thither, · was broken off; and that many others wtre othcrwife broken,
bruifed and disfigured; that thefe SheJls which are thus. J}iraliied and fe ...
parated with Diaphrttgme.r, were forne kind of Na~ttili or Porcelane Jhell.r 1.
and that others were £hells of Coc'<fer,Mufcles,Periwincles,Scolops,&c. of
various forts; that thefe Shells in many) from the particular nature of the
containing or endos' d .Earth, or fome other c:mfe, have in tract of time
rotted and mouldred away, and onely left their impreilions, both on the
cont~inmg and conta}ped fubfiaoces; and iO lef• t~em pretty look: on~
withm another~ fothat they may be eafily. feparate~by a koock1or two
of a Hammel'. 1 "har others of thd'e Shells, acco'rding to the nature
ofthe fubfiances adjacent to them, have, by a long continuance iq
that pofture, bttn pettifJ' d and turn' d into the· natul'e of fioll'e, jufr as I
even now obfert?d fever•tl forts ofWood to be. That oftentim~s the Shell
may be found with one kind of fttbfiance within, ~nd quite another
without, having~ perhaps, been fill•d in ooe pla-ce, and afterwards rranfla·
ted to another, which I have very freqnentl'y obfet'V' d in Co-cJ,Je, M1!f!le,
P.eri~itrcle, and other thells, which Ina"\'e fouu& bt~ t~e Sea fide. Nay,
further) that forne parts ol the fame SheU may be fill d m one vla€e, and
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fome other caverns in another, and others in a third, or a fourth, or a fifth
place for fo many differing fubfiances have I found in one of thefe petriffd Shells,and perhaps all thefe differing from the encompaffing eanh
or frone; the means how all which varieties may be caus'd, I think, will
not be difficult to conceive, to any one that has taken notice of thofe
Shells, which are commonly found on the Sea £bore : And he that £hall
throughly examine feveral kinds of fitch curioufly form'd frones,will (i
am very apt to think) find reafon to fuppofe their generation or formation to be afcribable to [orne. fuch accidents as I have mention'd, and
not to any Pl'!fticft virtue: For it feems to me quite contrary to the infinite prudence of Nature, which is obfervable in all its works and produfrions, to defign every thing to a determinate end, and for the attaining of that end, makes ufe of fuch ways as are (as farr as the knowledge
of man has yet been able to reach ) altogether confonant, and mofr
agreeable to man's reafon, and of no way or means that does contradict,
or is contrary to humane Ratiocination ; whence it has a lor.g time been
a general obfervation and m11xime, that Nat1tre dou nothing in vain; It
feems, I fay, contrary to that great Wifdom of Nature, that thefe prettily
fhap'd bodies lliould have all thofe curious Figures and contrivances
(which many of them are adorn'd and contriv'd with) generated or
wrought by a Plaflicl{_ virtue, for no higher end :then onely to exhibite
fuch a form; which he that fhall throughly confider all the circumfrances
of fuch kind of Figur'd bodies, will, I think, have great reafon to believe, though, I confefs, one cannot prefently be able to find out what
Nature's defigns are. It were therefore very defirable, that a good colJefrion of fuch kind of 6gur'd frones were collected; and as many particulars, circumfiances, and informations collected with them as could be
obtained, that from fuch a Hifrory of Obfervations well ranv'd, examin'd and digefred, the true original or produCtion of all thote kinds
of fiones might be perfectly and furely known ; fuch as are Thullduftone.r, Lapide.r SteUare.r, Lapides Judaici,and multitudes of other, whereof mention ii made in .Aldr~vandm Wormim, and other Writers of
Minerals.

Obferv. XV I I 1. Of the Schematifme or Texture of Cork, and
of the Cells and Pores offome other foch frothy Bodies.

I

Took a good cltarpiece of Cork, and with a Pen-knife iharpen'd as
• keen a~ a Razor, I cut a piece of it off, and thereby left the furface of
1t exceedmg fmooth, then examining it very diligently with a MicrQ·
fcope, me thought I could perceive it to appear a little porous· but I
could not fo plai~ly difiingui(h them, as to be _fure that they wer: pores,
~uch.Iefs wh~t F1gure they were of: But judgmg from the lightneG and
yteldmg quahty of the Cork, that c~rtainly the tc:xtun: co\lld not ?e fo
cunous,
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curio~1s, but th~t pofiibl y, if I coul~ ufc fome fu~ther diligence, I might
fiu~ It to be dtfcernable With a Mlcrofcope, I With the fame fharp Pen'"
~mfe J cut of! fr~m the former fm?oth ft1rface an exc~eding thin piece of

-It, and plactng It on a black obJeCt Plate, becaufe It was it felf a white
body, a_nd cafi.ing the light ~mit with a deep plano-convex G/afs, I could
exceedmg plamly perceive. It to be all perforated and porous,much like
a Honey-comb,but that the pores of it were not regular; yet it was not
unlike a Honey•comb in thefe particulars.
Firfi, in that it had a very little folid fubO:ance, in comparifon of the
empty c~vity that was contam'd between, as does more manifefily appear
by the Figure A and B of the X I. scheme, for the Interjlitia, or walls
(;~s I may fo call them) or partitions of thofe pores were neer as thin in
proportion to their pores, as thofe thin hlms ofWax in a Honey-comb
(which enclofe and confiitute thefexrmgular cells) are to theirs.
Next, in that thefe pores, or cells, were not very deep, but confiO:ed
of a great many little Boxes, fepnrated out of one continued long pore;
by certain Diapf.ragms, as is vihble by the Figure B, which reprefents a
fight of thofe pores fplit the long-ways.
I no fooner diiCern'd thefe l which were indeed the firfr microfcopical
pores I evtr f.1w, and perhaps,that were everfeen, for I had not met with
any VVriteror Perfon, that had made any mention of them before this)
but me thought I had with the difcovery of them, prefently hinted to me
the true and inteiligible reafon of all the Phtenomena of Cork; As,
Firfr, if I enquir'd why it was fo exceeding light a body? my Micro·
Jc(lpe could prefently inform me that here was the fame reafon evident that
there is fourid for the lightnefs of froth, an empty Honey-comb, Wool,
~ Spunge, a Pumice-fione, or the like; namely, a very {mall quantity of a
folid body, extended into exceeding large dimenfions.
Next, it feem'd nothing more difficult to give an intelligible reafon;
why Cork is a body fo -very unapt to fnck and drink in Water; and <i:onJ
fequently preferves it felf, floating on the top of Water, though left on it
never fo long: and why it is able to fiop and hold air in a Bbttle,though
it be there very much condens'd and confequently preffes veryil:rongly
to get a pafiage out, without fuffering the leafi bubble to pafs through
its fubfiance. For, as to the firfi, fince our Microfcope informs us that the
fubfiance of Cork is altogether fill'd with Air, and that that Air is per~
felHy enclofed in little Boxes or Cells difiincr from one another. It feem9
very plain, why neither the Water, nor any other Air can eafily infinu•
ate it felfinto them, fince there is already within thetn an intm exiftenr;
and confequently, why the pieces of Cork become fo good tioats for
Nets, and fiopples for Viols, or other clofe Veffds.
.
And thirdly, if we enquire why Cork has fuch a fpringmefs and fwdling nature whem compreti: d? and how it comes to fuffer fo great a com..
preffion, or feeming penetration of ditnenfions, fo as to be made a fub•
fiance as heavie again and more, bulk for bulk, as it was before compreffion, and yet fuffer'd to return, is found to extend it felf agairdnto th~
fame fpace? Our Microfcope will eafily inform rw; that the whole mats
R
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confiiH of an infinite company of fmall Boxes or Bladders of Air, which
is afubfiance of a fpringy nature, and that will fuffer a confiderable con;.
denfation (as I have feveral times found by divers trials, by which I have
rnofi evidently con dens, d it into lefs then a twentieth part of its ufual di~
menfions neer the Earth, and that with no other firength then that of my
hands without any kind of forcing Engine,fuch as Racks,Leavers, Wheels,
Pullies, or the like, but this onely by and by) and befides, it feems very
probable that thofe very films or fides of the pores,have in them a fpring~
ing quality, as almofr all other kind of Vegetable fubfrances have, fo as
to help to refiore themfelves to their forme~ pofition.
.
And could we fo eafily and certamly dtfcover the schtnJillif111e and
7'extHre even of thefe filrm,and of feveral other bodies,as we can thefe of
Cork; there feems no probable reafon to the contrary, but that we might
:is readily render the true reafon of all their PhLnomena; as namely,what
were the caufe of the fpringinefs, and toughnef£ of fome, both as to their
flexibility and refiitution. What, of the friability or brittlenefs of fome
others and the like; but till fuch time as our lt-Jicroftope, or fome other
mean;,enable us to difcover the true Schematift;z and Texture of all kinds
of bodies, we mufi grope, ai it were, in the dark, and onely ghefs at th~
true reafons of things by fimllitudes and comparifons.
· But, to return to our Obfervation. I told feveral lines of thefe
pores) and found that there were ufually about threefcore of thefe fmall
Cells placed end-ways in the eighteenth part of an Inch in length, whence
I concluded ther~ mufi be neer eleven hundred of them, or {omewhat
more then a thoufand in the length of an Inch, and therefore in a fquare
lm;h . above a Million, or 1166400. and in a Cubick Inch,above twelva
hundred Millions, or I -J 597 I 2ooo. a thing almofi incredible, did not our
Microftope aifure us ofit by ocular dernonfiration; nay, did it not difco.
verto us the pores of a body, which were they diapbr~tgm'd,like thofe of
Cork, would afford us in one Cubick Inch, more then ten times as many
little Cells, as is evident in fevera1 charr, d Vegetables; fo prodigioufly
curious are the works ofNature, that even thefe confpicuous pores of
bodie~ which feem to be the channekor pipes through which the Sw.ou
1/HtritiM, or natural juices of Vegetables are convey'd, and feem to cor•
refpond to the veins, arteries and other Veifeh in fenfible creatures, that
thefepores I fay, which feem to be theVdfels ofnutritiontothevafieft
body in the World, are yet fo exceeding frnall, that the AtoiJU whichEpi•
£ur~H fancy' d would go ileer to provt: too bigg to enter them, much more
to e<>nfiitute a fluid bOdy in them.And how infinitely 1inaller then muU he
the Vdfels of~ Mite, or the pores of one of th(!)fe little Vegetublefi I hav«
difcovered to grow on the back-fide of a Rofe-leaf, and fhaJl anon mon
fully dt'fcribe, whofe bulk is many millions of times le4 then the bulk of
the f!uall fuiub it grows on; and even that fhrub, many millions of titnes
Jefs m bulk then fevc:!ral trees (that have heretofore grown in En~l4•J.;
~d a~e this ,dar flourifhing in other hotter Ciimates, as we are ve;y ere•
d1blymform d)tf at leafi: the pores of this tmall Vegetable fbouJd ~
any fuch proportion to the body of it, as we have found thef~ pores
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of other Vegetables tb do to their bulk, But of thefe pates I have faid
more: elfewhere.
To proceed then, Cork feems to be by the ttanfverfe connitution of
the pores, ~ kind of Fungtu or Mufh~ome, for the pores lie like fo many
Rays tendmg from the center, 0r pith of the tree, outwards; fo that if
you cut off a piece from a board of Cork tranfverily, to the flat of it·
you will, as it were, fplit the pores, and they will appear jufl: as they ar~
exprefs'd in the Figure B of the X I. Scbeme. But if you fhave off a
very thin piece from this board, parallel to the plain of it, you will cut
~u the pores tranfverfly, and they will appear almofl: as they are exprefs'd
in the Figure A, fave onely the folid Interftitia will not aprear fo thick
as they are there reprefented.
So that Cork feems to fuck its nourifhment from the fubjacent bark of
the Tree immediately, and to be a kind of excrefcence, or a fubfl:ance
difrill(:r from the fubfiances of the entire Tree, fomething analog1u to
the Mufhrome, or Mofs on other T recs, or to the hairs on Animals. And
having enquir'd into the Hifiory of Cork, I find it reckoned as an
excrefcency of the bark of a certain Tree, which is difiinCl: fi·om the two
barks that lie within it, which are common alfo to other trees; That 'tis
fome time before the Cork that covers the yonng and tender fprouts
comes to be difcernable; That it cracks,tla ws)and cleaves into many great
chaps, the bark underneath remaining entire; That it may be feparated
and remov'd from the Tree: and yet the two under-barks (fi1ch as are
alfo common to that with other Trees) not at all injur'd, but rather
helped ~md freed fi·om an external injury. Thus Jonflomt.r in Dendrologia,
fpeaking de subere, fays, Arbor eft procer.J, Lignum efl robujl11m, dmtpto
curtice in aquts non fluitlflt, Cortir:e in orbem detraC!o juvat11r, crafcefcms
-enim prteflringit ~"' ftrangulat, intra triennium iterum repletur • C~udex ubi
adolefcit t'raffiir, cortex jitperior denfur carnojiu,duor digitor craj(ur,fi:aber,
rim~(us, 6· qui niji detrahat11r dehifcit, alioque fobnafcente expeUitur, inte ..
.,.;or qui fobefl novellM ita r11bet ut arbor minio pitJa vidcatur. Which

Hifiories,if well confider' d, and the tree, fubfiance, and manner of growing, if well examin' d, would, I am very apt to believe,much confirm this
my conjefrure about the origination of Cork.
Nor is this kind of Texture peculiar to Cork onely; for upon exami..
nation with my Microfcope, I have f~und that the pit~ of an Elder, oralmofi any other 1 ree, the. inner pulp or pith of the Cany hollow fialks of
feveral other v~getables: as of Fennel, Carrets, DJUCl)S:, Bur-docks,
Teafels, Fearn, fome kinds of Reeds, &c. h;;tve much. fuch a kind of
8che1J!atifme, as I have lately fhewn that of Cork, fave. onely that here
the pores are rang' d the lobg-ways, or the fame ways wah the length of
the Cane,whereas in Cork they are tranfverfe.
The pith alfothat fills tha} part of the fialk of a Feather t~at is above:
the Quil, has much fuch a kiPd of texture, fave onely that wh1ch way Coever I fet this light fubfranc€:,-the pores feem· d. to be cut tranfverfly; fb
that I ghds this pith whidi fills the Feather, not to confifi ofabunda~ce
of long pores feparated with Diaphragms, as Cork does, but to be a kmd
R 2
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of folid or hard ned froth)or a congeries ofvery fmall bubbles confolidated
in that form,into a pretty fl:iffas well as tough concrete,aod that each Cavern, Bubble, or Cell, is difiinltly feparate from any of the refr, without
any kind of hole in the encompaffing films, fo that I could no more blow
through a piece of this kinde of fubfiance,then I could through a piece of
Cork, or the found pith of an Elder.
But though I could not with my Microfcope, nor with my breath, nor
any other way I have yet try'd, difcover a palfage out of one of thole
cavities into another, yet I cannot thence conclude, that therefore there
are none fuch, by which the succm nutritim,'or appropriate juices ofVegetables, may pafs through them; for, in feveral of thofe Vegetables,
whil'fr green, I have with my Microfcope, plainly enough difcover'd thefe
Cells or Poles fill'd with juices, and by degrees fweating them out: as I
have alfo obferved in green Wood all thofe long MicrofcQpical pores
which appear in ChaFcoal perfectly empty of any thing but Air.
· Now, though I have with great diligence endeavoured to find whether there be any fuch thing in thofe Microfcopical pores ofWood or
. Piths, as the P11lves in the heart,veins,and other paffages of Animals,that
open ~and give paffage to the contain'd fluid juices one way, and fimt
themfelves,and impede the paffage of fuch liquors back again,yet have I
not hitherto been able to fay any thing pofitive in it; though,me thinks,
it feems very probable,that Nature has in thefe pafiages,as well as in thofe
of Animal bodies,very many appropriated Infiruments and contrivances,
whereby to bring her defigns and end to pafs,which 'tis not improbables
but that fome diligent Obferver, ifhelp'd with better JlrJicrofcoper,may
in time detect.
And that this may be fo, feems with great probability to be argued
from the firange Ph•nomena of fenfitive Plants, wherein Nature fee.ms
to perform feveral Animal atlions with the fame schem4Jif111 or Orginiza~ion that is common to all Vegetables> as may appear by fome no lefs
mfrruCl:ive then curious Obfervations that were made by divers Eminent Members ofthe R.oJal Society on fome of thde kind ofPlants,whereof an account W3S delivered in to them by the mofr Ingenious and Excellent Phyjcian, Dofror clar4_, which,naving that liberty granted me by
that ~fi Ulullrious Society, I have hereunto adjoyn'd.

Obfervations on the Humble and Senfible Plants in Mr. Ch.iffin's
Garden in Sai11t James's Park.., made Au~il: the 9rh, t66r.
Prefent, the Lord Brounck!r, Sr. Rfkrt Moray, Dr. Wdk.im.
Mr. Eve/in., Dr. Henfhmv, and Dr. Clar~
There are four Plants, two ofwhich are little flu-ub Plants,
with a little thort frock, about an Inch above the ground, from
whenee are fprcad feveral fticky branches, round, itreight, and
fmooth~
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fmooth in the difrances between the Sprouts, but juft under the
Sprouts there are two iharp thorny prickles, broad in the letting on, as in the Bramble, one jufi under the Sprout, the other
on the oppofite fide of the branch.
The diftances betwixt the Sprouts are ufmilly fomething St e
Schtm.l r.
.
more then an I nch , an d many upon a B
~ ran ch , accordtng to its Fig. ~.
length, and they grew fo, that if the lower Sprout be on the left
fide of the Branch, the next above is on the right, and fo to the
end, not fprouting by pairs.
At the end of each Sprout are generally four fprigs, two at
the Extremity, and one on each fide, jufr under it. At the firfr
(prouting of thefe from the Branch to the Sprig where the leaves
grow, they are full of little ihort white hairs, which wear off as
the leaves grow, and then they are fmooth as the Branch.
Upon each of thefe fprigs, are, for the moft part, eleven pair
oflea·ves, neatly fct into the uppermofr part of the little fprig.,
exactly one againft another, as it were in little articulations., fuch
as Anatomifts call Enarthrofis, where the round head of a Bone
is received into another fitted for its motion ; and ftanding very
fitly to fhut themfelves and touch, the pairs· juft above them
clofing fomewhat upon them, as in the iliut fprig ; fo is the
little round Pedunculus of this leaf fitted into·a little cavity of
the fprig, vifible to the eye in a fprig new pluck 'd, or in a fprig
·Withered on the Branch, from ·which the leaves eafily £ill by
touching.
·
The leaf being almoit an dblong fquare, . and fet irtro the Pe.tlunculus, at one ofthe low.er corners, receiveth from that not
onely a Spine, as I may calrit, which, palling through the lea~
divides it fo length-ways that the outer-fide is broader then the
inner ne~t the fprig~ btit Hoole fibres paffing obliquely ..tow~rds
the oppofite broader fide, feem to ma:k.e it here'a little mu[pular,
and fimrl to move the· whole~ea~ which, together vtith the
whole fprig, are fet full with little ihort whitifu hair$.
One
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One ofthefe Plants, whofe branch feem'd to be older and
more grown then the other, onely the tender Sprouts of it, after
the leaves are iliut, fall and hang down ; ofthe other, the whole
branches full to the ground, if the Sun thine very warm,upcn the
firft taking offthe Glafs, which I therefore call the humble Plant.
The other two, which do never fall, nor do any of their
branches fiagg and hang down, fhut not their leaves, but upon
fomewhat a hard il:roke ; the ftalks feem to grpw up from a root,
and appear more herbaceous, they are round and fmooth, without
any prickle, the Sprouts from them have feveral pairs of fprigs,
with much lefs leaves then the other on them, and have on
each fprig generally feventeen pair.
Upon touching any of the iprigs with leaves on, all the leaves
on that fprig contraCting themfelves by pairs, joyned their upper fuperficies clofe together.
Upon the dropping a drop of Aqua fortis on the fprig be..
twixt the leaves, f f all the leaves above fhut prefently, thofe
below by pairs fucceffively after, and by the lower leaves of the
other branches, ll, k.k.., &c. and fo every pair fucceffively,
with fome little diftance of time betwixt,to the top of each fprig,
and fo they continu'd fhut all the time we were there. But Ireturning the next day, and feveral days fince,found all the leaves
dilated again on two of the fprigs ; but from f f, where the Aqua
fortis had dropped upwards, dead and withered ; but thofe below on the fame fprig, green, and doting upon the touch, and
are fo at this day, Augufl 1 4'
With a pair ofScifiers, as fuddenlyas it could bedone,o~
of the leaves b b was clipped off in the middle,upon which that
pair, and the pair above, dofed prefently, afier a little interval,
d d, then e e, and fo the reft of the pairs, to the bottom of the
fprig, and then the motion began in the lower pairs, ll, on the
other fprigs, and fo iliut them by pairs upwards., though not
with fuch diftinB: diftances.
.. L ·
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Under a pretty lat~ge branch with its fprigs ori, there Iyin~
a large Shell betwixt two and three Inches below it; there was
rubbed on a il:rong fenttd oyl, after a little time all tbe leaves on
that fprig were fh ut, and fo they continued all tlie tin1e of our
ftay there,but at my returne the next day, I tbund the pofitiori
of rhe Shell alttr'd, and the leaves expanded as before, and
doting upon the touch.
Upon. the application of the Stin-beams by ·a Burning-glafs;
the more humbie P/ant fi:ll, the other iliut their ieaves. ·
We could not fo apply the fi110Jk of Sulpher, as to have any
vifible effe5: from that, at two or three times trial; btJt oh another trial,the fmotlk touching the leaves, it fucceeded.
The humble Pla_nt fell upon taking uff the Glafs wherewitH it
was covered.
Cutting-.off one of th~ little Sprouts, two or three drops ofliquor were thruft out of the part frbm whence that was cut,very
deer, and pdlucid, of a bright greenifh colour, rafting nt firfi a
little bitterifh,but after leaving a licorifh-like tafre in my mouth.
Since,going two or three times when it was cold, I took the
Glaffes from rhe more humh!e Plant,and it did not fall as formerly, but fhut its leaves onely. But cdming afterwards, when the
Sun fhorte very warm, as foon as it was taken oft~ it fell as
before.
Since I pluckd off another fprrg) whofe leaves .were alf ibut,
and had been fo fome time, thinking to obferve the liquo'r
£hould come from that I had broken off, but flnding none,
though with preffing,to come, I, as dexterouOy as I could., pull·d
offone whofe leaves were expanded, and then had upon the f1mt··
ting of the leaves~·a ·little of the mention'd liquor, from the end
of the fprig I had broken from the Plant. And tliis twice fucceffivel y, as often alrhofl: as I d itrfr rob the Plant.
But my curiofity carrying me yet further, I cut off one of
the harder branches of the ftronger Plant, and t liere came of the
Iiquor,
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liquor, both from that I had cut, and that I had cut it from,
without prelfure.
Which made me think, that the motion of this Plant upon
touching, might be from this, that there being a ~onftant intercourfe betwixt every part of this Plant and its root,either hy a cir..
culation ofthis liquor,or a conftant preffing of the fubtiler parts
of it to every extremity of the Plant. Upon every prdfure,from
whatfoever it proceeds, greater then that which keeps it up, the
fubtile parts ofthis liquor are thruft downwards, towards its articulations of the leaves, where, not having room prefendy to get
into the fprig,the little round pedunculus, from whence the Spine
and thofe oblique Fibres I mention'd rife, being dilated, the
Spine and Fibres (being continued from it) mufi: be conrraB:ed
and fhortned, and fo draw the leaf upwards to joyn with its fel ..
low in the fame condition with it felf, where, being clofed, they
are held together by the implicatiolli of the Jitde whitit.h hair, as
well as by the frill retreating liquor, which diftending the Fihres
that are continued lower to the branch and root, fhorten them
above ; and when the liquor is fo much forced from the Sprout,
whofe Fibres are yet tender, and not able to fupport themfelves,
but by that tenfnefs which the liquor filling their interflius gives
them, the Sprout hangs and flags.
But, perhaps, he that had the ability and leifure to give you
the exact Anatomy of this pretty Plant, to fhew you its Fibres,
and vifible Canales., through which this fine liquor circulateth,
or is moved, and had the fac.ulty of better and more copioufly
expreffing his Obfervations and conceptions, fuch a one would
eafily from the motion of this liquor, iOJ.ve all the Pht£110mena.,
and would not fear to affirm, that it is no obfcure fenfation this
Plant hath. But I have faid too much, I humbly fubmit, and am
ready to ftand corrected•
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.I have not y~tmade fo full and fat~sfafrory Obfervations as I defire on
thrs Plant, whtch feems to be a SubJect that will afford abundance of
information.
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information. But as farr as I have had oprortunity to examine it,l have
difcovcred with my Microfcope very curious frructures and contrivances;
but defigning much more accurate examinations and trials,both with my
Ailcrgfcope, and otherwife, as foon as the feafon will permit, I fhall not till
then add any thing of what I have already taken notice of; but as farr as
I have yetobferv'd,I judge the motion ofitto proceed from caufesvery
differing from thofe by which Cut-firings,or Lutc-firings,the beard of a
wilde Oat, or the beard of the Seeds of Gera11ium, .Mo.fl:atltm, or Mnsk._~
graf and other of kinds of Cnmes-biU,move themfelves. Of which Hhall
add more in the fubfequent Obft::rvations on thofe bodies.

Obferv. XI X. Of a Plant growing in the blighted or yellowJjec~
o[Damask-rofe-leaves, Bramble-leaves, and fome other kind
of leaves.
} Have for feveral years together, in the Moneths of'pne, July) Aug11ji,
and September (when any of the green leaves ofRojes begin to dry and
grow yellow) obferv'd many of them, efpecially the leaves of the old
fhrubs of DaNtasJ.:Rofes, all befpecked with yellow {rains, and the underfides jufr againfi them, to have Jittle yellow hillocks of a gummous fub·
fiance, and feveral of them to have fmall black fpots in the mid it ofthofe
yellow ones) which, to the naked eye, appear'd no bigger then the point
of a Pin, or the frnallefi black fpot or tittle ofink one is able to make
with a very fharp pointed Pen.
Examining thefe with a .il1icrofcope, I was able plainly to difringuilb,up
and down the furface, feveral fmall yellow knobs, ofa kind of yellowifh
red gummy fubfiance, out of which I perceiv'd tht:re fprung multitudes
of little cafes or black bodies like Seed-cods, and thofe of them that
were quite without the hillock ofGumm, difclos'd themfelves to grow
out of it with a fmall Straw-colour'd and tranfparent fiem, the which
feed and fiem appear'd very like thofe of common Mofs (which I elfewhere defcribe) but that they were abundantly lefs, many hundrediof
them being not able to equalize one fingle ft:ed Cod of Mofs.
I have often doubted whether they were the feed Ccds of fome little
Plant, or fome kind of fmall Buds, or the Eggs of fome very fmall Infefr,
they appear'd of a dark brownifh red, fome almofi quite black, and ofa
Figure much refembling the feed-cod ofMofs, but their tblks on which
they grew were of a very fine tranfparent fubfrance, almoft like the fialk
of mould, but that they feem'd fomewhat more yellow.
That which makes me to fuppofe them to be Vegetables, is for that I
perceiv'd many of thofe hillocks bare or deftitute, as if rhofe bodies lay
yet conceal'd,as G. In others ofthem,they were jufr fpringing out oftheir
gummy hillocks, which all feem'd to £hoot directly outwards, as at A. In
others, as at B, I found them juft gotten out,with very little or no !talk,
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and the Cads of an indifferent cize;but in others,as C, I found them begin
to have little fbort fialks, or fiems; in others, as D, thofe fiems were
grown bigger and larger; and in others, as atE, F, H, I, K, L, &c. thofe
frems and Cads were grown a great deal bigger, and the fialks were
more bulky about the root, and very much taper'd towards the top, as
at F and L is mofi: vifible.
I did not find that any of them had any feed in them, or that any of
them were hollow, but as they grew bigger and bigger, I found thofe
heads or Cods begin to turn their tops towards their r?ots, i~ th~ fame
manner as I had obferv' d that of Mofs to do; fo that tn all hkehhood,
Nature did intend in that pofiure, what fhe does in the like feed-cods of
greater bulk, that is, that the ieed, ~hen ripe,. fhonld be fhaken <;>ut and
difperfed at the end ofit, as we find m Columbme Cods, and the hke.
The whole Oval 0 0 0 0 in the fecond Ftgure of the 12. scheme
fCprefents a fmall part of a ~ofe leaf, ~bout the .bigners oft~ little Oval
in the hillock, C, marked wtth the Ftgure X. m whtch I have not particularly obferv'd all the other forms of the fur face of the Rofe-leaf, as
being little to my prefent purpofe.
Now, if thefe Cods have a feed in them fo proportion'd to the Cod, as
thofe of Pink.!, and Carnations, and Columbines, and the like, how unimaginably fmall mufr each of thofe feeds neceO:uily be, for the whole
length of one of the largefi of thofe Cods was not ~~o part of an Inch;
fome not above 10100 , and therefore certainly, very many thoufand of
them would be unable to make a bulk that iliould be vifible to the naked
eye; and if each of thefe contain the Rudiments of a young Plant of the
fame kind, what mufr we fay of the pores and confrituent parts ofthat?
The generation ofthis Plant feems in part,afcribable to a kind of Milde~ or Blight)whereby the parts of the leaves grow fcabby, or putrify'd,
as it were, fo as that the moifrure breaks out in little fcabs or fpots, which,
as I faid before, look like little knobs of a red gummous fubfrance.
From this putrify'd fcabb breaks out this little Vegetable; which may
be fomewhat like a.lWould or Mojl; and may have its equivocal generation much ·a fter the fame manner as I have fuppofed Mof.r or lt1oNld to
have, and to be a more f1mple and uncompounded kind of vegetation,
which is fet a moving by the putrifatJive andftrmenta.tive heat, joyn'd
with that of the ambient aerial, when (by the putrifacrion and decay of
fome other parts of the vegetable, that for a while fraid its progrtis) it is
unfetter'd in9 left at liberty to move in its former courfe, but by reafoo
ofits regula~s, mov-es and aets after quite another manner then it did
when a co<~gent in the more compounded machine of the more perfetk
Vegetable.
And from this very fame Principle, I imagine the Mifltto of Oak!,
Thorns, Appletrees, and other Trees, to have its original; It feldom or
never growmg on any of thofe Trees,till they begin to wax decrepid,and
decay with age, and are pefier'd with many other infirmities.
.. Hither alfo may be referr·d thofe multitudes and varieties of MHjbro•s,
fucb a$ that,call'd Je71Js·ellrs:~all forts of,vAJ auQ green Moifc:s, &c. which
infell:
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iufefr all kind ofTrees,fhrubs,and the like,efpecially when they come to
any bignefs. And this we fee to be very much the method of Nature
throughout its operations, putrifaelive Vegetllble.rvery often producing a
Vegetable ofa much lefs com pounded nature, and of a much inferiour
tribe ; and putrefaOive animal fubfiances degenerating into fome kind of
animal production of a much inferiour rank,and of :i more ftmple nature.
Thus we find the hurn~mrs and fu~fiances o! the body,upon putrifu{/ion, to prod ucc firange kmds of movmg Vermme: the p~ttrifaClion of the
flimes and juices of the Stornack and Guts, produce Worms almoft like
Earth-worms,the Wheals in childrcms hands produce a little Worm,call'd
a Wheal-worm: The bloud and milk, and other humours, produce other
kinds of Worms, at leafi, if we may believe what is deliver'd to us by
very famous Authors; though, I confefs, I have not yet been able to difcover fi1ch my fel£
And whereas_it may feern firange that Pinegar, Meal, mufl:y CtHf«, &c.
are obferv'd to breed their differing kinds oflnfefrs, or living creatures,
whereas they being Vegetable fubfiances, feem to b~ ofan inferiour kind,
and fo unable to produce a creature more noble, or of a more com~
pounded nature then they themfelves are o(, and fo without fome concurrent feminal principle, may be thought utterly unfit for fi1ch an operation; I mufi add, that we cannot prefently pofitively fay, there are
no animal fubfiances, either mediately, as by the foil or fatning of the
Plant from whence they fprung,or more immediately,by thereal mixture
or compofition of fi..1ch fubfiances, join'd with them; or perchance fome
kind ofinfefr, in fuch pl:1ces where fuch kind of p~ttrifJing or fermenting bodies are, may, by a certain infiinct of nature, eject fome fort of fe~
minal principle, which cooperating wirh various kinds of putrifjing Cubfiances, may produce various kinds of Infects~ or Animate bodies: For we
find in mofi forts of thofe lower degrees of Animate bodies, that the
putrifjing fubfl:ances on which thefe Eggs, Seeds, or femin~l principles
are calt by the Infefr, become, as it were, the 11--latrices or Wombs that
conduce very much to their generation, and may perchance alfo to their
variation and alteration, much after the fame manner, as, by firange and
unnatural copulations, feveral new kinds of Animals are produc'd, as
Mule.r, and the like, which are ufually call'd Monfirous, becaufe a little
unufual, though many of them have all their principal parts as perfectly
fhap'd and adapted for their peculiar -ufes, as any of the molt perfect
Animals. If therefore the putrifJing body,on which any kind of teminal
or vital principle chances to be cafi: become fomewhat 11;1ore then meer·ly a nurfing and fofiering he1per in the generation and p-roduction ot
any kind of Animate body, the more neer it approaches the true nature
of a Womb, the more power will it hav~ on the by-blow it inclofes. But
of this fomewhat more in the defcription of the Water-gnat. Perhaps
fome more accurate Enquiries c1nd ObferV'at:ions about thefe matters
might bring the Qpefl:ion to fome certainty, which would be of no fmall
concern in Natural Philofophy.
.
.
.
.
But that putrifjing animal fubftanccs may produce ammals ofan tnfe;tor
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kind I fee not any fo very great a difficulty, butthat one may, without
much abfurdity,admit; For a~ there may be multitudes of contrivances
that go to the maki_ng up of one c~mpleat Ani~ate ~ody; fo, Th~t. fome
of thofe coadj1ttor.r,m the perfect extfience and life of tt, may be vltlated,
and the life of th~ ~ho.le deftroyed, .an~ yet feve~al o~ th~ confiituting
contrivances remain mttre,I cannot thmk It beyond Imagmauon or poffibility; no more then that a like ~ccidental procefs,as I have ~lfwhere hinted,
may alfo be fuppofed to explicate the method of Nature m the ~fetamor
phojis of Plants. And though the difference between a Plant and an Animal be very great, yet I have not hitherto met with any fo cogent an Argument, as to make me pofitive in affirming thefe two to be altogether
Heterogeneous ,anq ofquite differing kinds. ofNature: _And beftdes:as there
are many Zoophyt.r, and fenfitive Plants( diVers of wh1~h I have feen, which
are ofa middle nature,and feem to be Natures tranfiuon from one degree
to another, which may be obferv'd in all her other paffages, wherein fhe
is very feldom obferv'd to leap from one ftep to another) fo have we,in
fbme Authors, In fiances of Plants turning into Animals, and Animals into
Plants, and the like; and fome other very firange (bec:mfe unheeded)
proceedings ofNature; fomething ofwhich kind may be met with, in
the defcription of the Water-Gnat, though it be not altogether fo direct
to the prefent purpofe.
But to refer this Difcourfe of Animals to their proper pbces, I fhall
add, that though one iliould fuppofe, or it iliould be prov'd by ObfervationsJ that feveral of thefe kinds of Plants are accidentally produc'd by a
caft1al putrifal1ion, I fee not any great reafon to quefiion, but that, not•
withfianding its own production was as 'twere cafi.1al, yet it may germi·
nate and produce feed, and by it propagate its own, that is,a new Species.
For we do not know, but that the Omnipotent and All-wife Creator
might as direlUy deftgn the firucture of fuch a Vegetable, or fuch an
Animal to be produc'd out of fuch or fuch a putrifaf1ion or change of
this or that body, towards the confritution or frructure of which, he
knew it necefiary, or thought it fit to make it an ingredient; as that the
digefrioli or moderate heating of an Egg, either by the Female, or the
Sun, or the heat of the Fire, or the like, fhould produce this or that Bird;
or that Putrifallive and warm fieams fhould,out of the blowings,a~ they
call them, that is, the Eggs of a Flie,produce a living Magot, and that~by
degrees, be turn'd into an Aurelia, and that, by a longer and a propor•
tion'd heat, be tranfmuted into a Fly. Nor need we therefore to fuppofe
it the more imperfect in its kind, then the more compounded Vegetable
or Animal of which it is a part; for he might as compleatly furniili it
with all kinds of contrivances neceffary for its own exifience~ and the
propagation of its own Species, and yet make it a part of a more compounded body: as a Clock-maker might make a Set of Chimes to be a
part ofa Clock, and yet, when the watch part or fl:riking part are taken
away, and the hindrances of its motion remov'd, this chiming part
may go as accurately, and il:rike its tune as exaCtly, as if it were fiill a
l'art of the compounded Automatin, So) though the original caufe, or
feminal
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feminal principle from whi~h this n;inute Plant. on Rofe leaves did fprlng,
were, before the. co:rupnon caus d. by the Mtll-dew, a ~omponeht part
of the leaf o~ W~Ich It ~rew, an? dt~ ferve as a coagent 1n the produCtion and conlbtutron of It, yet m1ght It be fo confummate, as to produce a
teed which might have a power ofpropagating the fame fpecies:the works
of the Creator feeming of fuch an excellency,that though they are unable
to help to the perfeCting ofthe-more compounded exifience ofthe greater
Plant or Animal,they may have notwithfl:anding an ability ofatling Gngly
upon their own internal principle, fo as to produce a Vegetable bddy,
though of a ltfs compounded nature, and to proceed fo farr in the method of other Vegetables, as to bear flowers and feeds, which may be capabale of propagating the like. So that the little cafes which appea\'
grow on the top of the ilender fialks, may, for ought I know, though t.
fhou]d fuppofe them to fpring from the perverting ofthe ufual courre of
the parent Vegetable, contain a feed, which, being fcatter'd on other
leavts of the fame Plant, may produce a Plant of mudhhe fame kind.
Nor are Damafk-Rofe leaves the ohely leaves that produce thef<:
kinds ofVegetable fproutihgs; for I have obferv'd them alfo in feverai
other kinds of Rofe leaves, and on the leaves of fevera] forts of Briers,
and on Bramble leaves they are oftentimes to be found in vc:ry great
clufl:ers; fo that I have found in oneclufret,three,four, or five hundred of
them, making a very confpicuous black ipot or fcab bh the back frae of
·the .lea£

tn

Obferv. :X X. Of blue Mould, and of the firfl Principles of Ve..;
getation ariftng from Putrefafrion.
He Blue and White and feveral kinds of hairy mouldy fpots, whicli
are obfer-v-able upon divers kinds ofputrifJ'd bodies, whether Animal fubfiances,or Vegetable,fuch as the fkin, raw ot ·arefs'd, flefh,bloud,
humours, milk, green Cheefe, &c. or rotten fappy Wood, or Herbs,
Leave~, Barks, Roots, d-e. of Plants, ate all of them nothing elfe but feveral kinds of fmall and variouily figur' d Mufhroms, which, from cotrve~
nient materials in thofe putrifjing bodies, are, by tht: concurrent heat of
the Air, excited to a certain kind of vegetation, which 'tvill t1ot he \.Jhworthy our more ferious fpecuhttion and examination, as I £hall by and
by lhew. But, firft, I mufl: premife a fhott defctiption of this Spechhen,
which I have added of this )"ribe, in the firft Figure ofthe X I I. Sche»ie,
which is nothing elfe but the appearance of a fmall white ipot ofhaity
mould,multitudes of which I found to befpetk & whiten over .the red co..
\rers ofa fma11 oook,which, it feems, were bfSheeps-fkin,that beihg more
apt to gather mould, even in a dry and clean roorp, then bther leathers.
7'hefe fpots appear'd,through a good.Microftope,to be a very pretty lhap'~
Vegetative body, which, frotn almofi the fame parr ofthe Leatlttt, fhot
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out multitudes of fmalllong cylindrical and trar.fparent fralks,not exaa.
ly frreight,but a little bended with the weight of a round and white knob
that grew on the top of each of them; masy of thefe knobs I obferv'd
to be very round, and of a fmooth furface, fuch as A A, &c. others
fmooth likewife,but a little oblong,as B; feveral of them a little broken,
or cloven with chops at the top, as C; others flitter' d as 'twere, or flown
all to pieces, as D D. The whole fubfiance of thefe pretty bodies was
ofa very tendeJ; confiitution, much like the fubftance of the fofi:er kind
of common white Muiliroms, for by touching them with a Pin, I found
them to be brufed and torn ; they feem' d each of them to have a difrinfr root of their own ; for though they grew neer together in a clufrer,
yet I could perceive each fiem to rife out of a difiintr p•ut or pore of the
Leather; fome of thefe were fmall and ihort, as feeming to have been but
newly fprung up, of thefe the balls were for the mofi part round, others
were bigger,and taller,as being perhaps of a longer growth,and ofthefe,
for the mofi part, the heads were broken, and fome much wafred, as E;
what thefe heads contain'd I could not perceive; whether they were
knobs and flowers, or feed cafes, I am not able to fay, but they feem'd
mo.fr likely to be of the fame nature with thof~ that grow on Mulliroms,
which they did,fome of them, not a little refemble.
Both their fmell and tafre, which are afrive enough to make a fenfible
impreffion upon thofe organs, are unpleafant and n0ifom~
I could not find that they would fo quickly be defiroy'd by the ae!:ual
flame ofa Candle, as at firfr fight of them I conceived they would be,but
they remain'd intire after I had pall: that part of the Leather on which
they fiuck three or four time!! through the flame of a Candle; fo that, it
feems they are not very apt to take fire, no more then the common white
Mufhroms are when they are fappy.
There are a multitude of other fhapes, of which thefe Microfcopical
Mufhroms are figur'd, which would have been a long Work to have defcribed,and would not have fuited fo well with my defign in this Treatife,
onely,amongfr the refr, I mull: not forget to take notice of one that was a
little like to, or refembled, a Spunge, confifiing of a multitude of little
Ramifications almofr as that body does, which indeed feemsto be a kind
ofWater-Mufhrom, of a very pretty texture, as I elfe·where manifefr.
And a fecond, which I mufi not omit, becaufe often mingled, and neer
adjoiningto thefe lhavedefcrib'd,and this appear'dmuchlikeaThicket
of bufbes, or brambles, very much b~anch'd,and extended,fome of them,
to a great length, in proportion to their Diameter,like creeping brambles.
The manner of the growth and formation of this kind ofVegetable, is
the third head ofEnquiry,which, had I time,I fhould follow: the figure
and met~od of ~eneration in this concrete feeming to me, next afi:e.r
the Enqmry into the formation, figuration) or chryftalization ofSalts. to
be the mofr fimple, plain, and eafie ; and it feems to be a medi11111
~hrou~h which he mull: neceifarily pafs, that would with any likelihood
mve~rgate theJ!rma infornJans ofVegetables : for as I think that he fbaiV
find It a very difficult talk, who undertakes to difcover the form of Sa·
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line cryfiallizations, withollt the confideration and prefcience of the nature an.d reafon of a Globu~ar form, and as. difficult to explic:.1te tl is configuration of Mufbroms, Without the previOus cohlidcration of the form
of Salts; fo will the enquiry into the forms of Vegttables be no Iefs if
not much more difficult, without the fore-knowledge of the form; of
Mufuroms, thefe feveral Enquiries havmg no. lefS .dependance one up ..
on another then any feletl: number of Propofittons In Mathern. tical Ek...
ments may be made to have.
Nor do I imagine that the fkips from the one to another will be { tlhd
very great, if beginniug from fluidity, or body without any form. we
defcend gradually,till we arrive at the highefl: form of a hruite Animal's
Soul, making the fl:eps or foundatious of om Enquil'y, Fluidity Orbiw/ation, Fixation, Angulization, or Cryjittllization Germinatitnt o · Ebul/iJ.
tion; Vegetation,Plantanimation~ Animation, Setfation, Il?ta..~i11ati~n.

Now, that we may the better proceed jn out E~;~quiry, It will be re..
quiGte to confider :
Firfi, that Mould and Mufbroms require no feminal property; but the
former may be produc'd at any time from any kind of pittrifjhtg AtJiihal,
or Vegetable Subfiance,as Flefh,6"c. kept moifl: and warm,and the latter
if what Mathio/ll<f relates be true, of making them by Art1 are as much
within our command, of which Matter take the Epitomie which Mr.
Parkjnfon has deliver'din his Herbal, in his Chapter of M1tjhroms, becaufe
I have not lllathiolll<f now by me : Vnto theft M1tj1JromJ (faith he) 11taJ
a!fo be adjoyn'd thofe which .zre made ofArt (whereofMathiolus mafte.r men·
tisn) that grow naturaUJ among certabt jionet in Naples, atJd tbat th~
ftones being digg•d up, and carried to Rome, and other plata, -where the.J
fit them in their Wine ceUau, covering them with a little Edrth,and.ffirink:
ling a little n;arm water thereon, would within [o1tr dtijt prod)tce MHjhtrnn.r
fit to be elften, at what time one wiU: A.r a!fo that MHforomf may be ~ad"d
to grow atthefootof a wilde Poplar Tree, · within four days after, warm
water wherein fome leaves have been dijjoh/ d foal/ be pom.'d into the Root
(which muft be flit) and the flocft above ground.

Next, that as Mufhroms may be generated without feed, fo doe~; it
not appear that they have any fuch thing as feed in any patt of them j for
having confidered feveral kinds ofthem, l could never find any thit1g iti
them that I could with any probability ghefs to be the feed of it, fo that
it does not as yet appear (that I know of) that Mufhroms may be ge..
nerated from a feed, but they rather feem to depend merely upon a convenient confiitution of the matter out of which they ate made, ttnd rt
concurrence of either namral or artificial heat.
Thirdly,that by feveral bodies (as Salts and Metals both in Water and
in the air, and by feveral kinds of fi1blimations in the Ail') actuated and
guided with a congruous heat, there may be produt'd feveral kinds of
bodies as curioufly, if not of a more compos'd Figure ; feveral kinds of
rifing or Ebulliating Figures feem to ruanifeft ~ as witnefs the. fhooting
in the ReCtification of fpirits of Vrine, Hart-horn, Bloitd, &c. WJtnefs alfo
the curious branches of evaporat~d diffolutions, k>me of them againft
the
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the fides of the containing Jar: others fianding up, or growing an end;
out of the bottom, ofwhich I have taken notice of a very great variety.
But above all the refi, it is a very pretty kind of Germination which is af~
forded us in the Silver Tree, the man~er of mak_ing whic~ with Mer~~ry
and Silver, is well known to the Chymtfis) m whtch there Is an Ebulhnon
or Germination, very much like this of Mufbroms, ifl have been rightly
inform'd of it.
Fourthly, I have very often taken notice of, arttl alfo obferv'd with a
Microfcope, certain excref:en.cies or Ebullitions in t~e fnuff of a Candle,
which, partly from the {hcking of the fmoaky particles as they are car~
ryed upwards by the current of the rarify' d Air and flame, and partly
alfo from a kind of Germination or Ebullition of fome actuated unCl:uous
parts which creep along and hlter through fome fmall firing of theWeek,
are formed into pretty round and uniform heads, very much refembling
the form ofhooded Mufhroms, which, being by any means expos'd to the
frefb Air, or that air which encompalfes the flame, they are prefently
lick'd up and devour'd by it, and vaniili.
The reafon of which Ph~nomenon feerns to me, to be no other then this :
That when a convenient thread of the Week is fo bent out by the fides
of the fnuff that are about half an Inch or more, remov'd above the
bottom,or lowefi: part of the fiame,and that this part be wholly included
in the flame; the Oyl (for the reafon of fihration, which I have elfe~
where rendred) being continualy driven up the fnuff, is driven likewife into this ragged bended-end, and this being remov'd a good
difi:ance, as half an Inch or more, above the bottom of the flame, the
parts of the air that palfes by it, are already, almofi: fatiated with the dif..
folution of the boiling unCl:uous fieams that ilfued out below, and therefore are not ondy glutted, that is, can dilfolve no more then what they
are already aCting upon, but they carry np with them abundance of
unCtuous and footy particles, which meeting with that rag of the Week,
that is plentifully fill'd with Oyl, and onely fpends it as fafi: as it evaporates, and not at all by dilfolution or burning, by means of thefe fi:eamy
parts of the filterated OyJ ilfuing out at the fides of this ragg, and being
inclos'd with an air that is already fatiated and cannot prey upon them
nor burn them, the afcending footy particles are fi:ay' d about it and fix 'd,
fo as that about the end of that ragg or fllament of the fuuff, whence the
greatefi: part of the fi:eam~ iifue, there is conglobated or fix' d a round
and pretty uniform cap, much refembling the head of a Muilirom, which,
ifit be of any great bignefs, you may obferve that its underfide will be
bigger then that which is above the ragg or fiem of it; for the Oyl that is
brought into it by filtration, being by the bulk ofthe cap a little ilielter'd
from the heat ofthe flame, does by that means Hfue as much out from beneath from the fi:alk or downwards, ~sit does upwards, and by reafon of
the great accefs of the adventitious fmoak from beneath) it increafes moll:.
that way. That this may be the true reafon of this Ph~nomenon, I could
produce many Arguments and Experiments to make it probable: As,
Firfi, that the F#trt~li~ll aarries the Oyl to the top of theWeek,at leafl:
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a! high as thefe raggs) is vifible to one that will obferve the fnuff of a
burning Candle with a lWcro.fcope, where he may fet an Ebullitioh or
bubbling ofthe Oyl, as high as the fimfflooks black.
Next,that it does fteam away more then burn; I could tell 'you of the
dim burning of a Candle, the longer the fnuff be which arifes hom the
abundance of vapours out of the higher parts of it~
And, thirdly, that in the middle of the flame of the Candle rieer the
top of the fnuff, the fire or difiolving principle is ~othing neer' fo ft~ong,
as neer the bottom and out edges of the flame, wh1ch may be obferv d by
the burning afunder of a thread, that will firft break in thofe parts that
the edges of the flame touch, and not in the middle. . •
And I could add feveral Obfervables that I have taken notice ofin the
flame ofa Lamp actuated with Bellows, and very many others that confirm me in my opihion, but that it is not fo much to my prefent purpofe·
which is onel y to confider this concreet in the fnuffof a Candle, fo far;
as it has any refemblance of a Mufhrom, to the conGderation of whieh,
that I may return, I fay, we may alfo obferve:
Tn the firll place, that the droppings or trillings of Lapidefcent waters
in Vaults under ground,feem to conHitute a kind ofpetrifj'd body,form'd
almoft like fome kind ofMufhroms inverted,in fo much that I have feen
fome knobb'd a little at the lower end, though for the mofi part, indeed
· they are otherwife fhap' d,and taper'd towards the end; the generation ot
which feems to be from 110 other reafon but this; that the w~ter by foak.
ing through the earth and Lime (for I ghds that fubftance to add much.
to it petrijjing quality) does fo impregnate it felf with ftony particles,
hat hanging in · drops in the roof of the Vault, by reafon that the
foaking ofthe water is but Oow, it becomes expos' d to the Air, and there•
by the outward part of the drop by degrees grows hard, by reafon that
tbe water gradually evaporating the fiony part.icles neer the outGdes of
the drop begin to touch) and by degrees, to dry and grow clofer toge-~
ther, and at length conftitute a crufi or fhell about the drop; ana this
foaking by degrees, being more and more fupply'd, the drop gtows
ipnger and longer, and the fides harden thicker and thicker into a
Q!lill or Cane, and at length, that hollow or pith becomes almoft ftop'd
up, and folid: afterwatds the foaking of the petrifting water, finding no
longer a paffage through the middle~ burfts out, and trickles down the
outfide, and as the water evaporates, leaves new fuperinduc'd !hells,
which more and more fwell the bulk of thofe Iceides; and becaufe of
the great fupply from the Vault, of petrifying wa.ter, thofe bodies grow
bigger and bigger next to the Vault, and taper or fuarpen towards the
point; for the accefs from the arch of the Vault being but very Oow,and
confequently the water being fpread very thinly over the furface of the
Iceicle, the water begim to fettle before it can reach to the bottom) or
corner end of it; whence, if you break one of thefe, you would altnofi
imagine it a fiick of Wood petriffd, it having fo pretty a refemblanc'e of
pith and grain • and if you look on the outGde of a piece, or of one
whole, you would think no lefs, both from its vegetable roundnefs ~nd
T
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tapering form; but whereas all Vegetables are obferv'd to fhoot and
grow perpendicularly upwards, this does fhoot or propend dirdl:ly
dowuwards.
By which lafi Obfervables) we fee that there may be a very pretty
body fuap'd and concreeted by Mechanical principles, without the kafi:
fhew or probability of any other feminal for1Juztrix.
And fince we find that the great reafon of the Phtenometta of this pretty petrif(ttlion, are to be reduc'd from the gravity of a fluid and pretty
volatil body impregnated with fiony particles) why may not the Ph~rno111t1ta ofli:bullition or Germination be in part poffibly enough deduc'd
from the levity of an impregnated liquor, which therefore per_pendicularly afcending by degrees, evaporates and leaves the more folid and
fU'd parts behind in the form of a Mu{hrom, which is yet further diverfi·
fy' d and fpecificated by the forms of the parts that impregnated the liquor, and compofe or help to conllitute the Mufhrom.
That the foremention'd Figures of growing Salts, ~md the Silver Tree,
are from this principle, I could very eafily manifefi; but that I have not
now a convenient opportunity of following it, nor have I made a fu.fficient number of Experiments and Obfervations to propound, explicate,and
prove fo ufefull a T/J(ory as this of Mufbroms: for, though the contrary principle to that ofpetrifYd Iceicles may be in part a caufe; yet
I cannot but think, that there is fomewl:at a more complicated caufc:,
though yet Mech~nical, and poffible to be explain'd.
We therefore have further to enquire of it1 what makes it to be fuch a
liquor, and to afcend, whether the heat of the Sun ~nd Air, or whe·
therthat offrmentiation and p~ttrifaCJion, or both together; as alfo whe-ther there be not a- third or fourth; whether a Saline principle be not a
confiderable agent in this bufineiS alfo as well as heat; whether aUo a fixa.,
tion, precipitation or fettling of certain parts out of the aerial Mufllrom
may not be alfo a conGderable coadjutor in the bufinds. Since we find
that many pretty beards orflirid: of the particles of Silver may be preci~
pita ted upon a piece of BratS put into a fol11tion of Silver very much di·
luted with fair water, which look not unlike a kind of mould ot hoat
upon that piece of metal; and the hoar frofi looks like a kuld of mo'Qld ~
and whether there may not be feveral others tha~ do concurr to the pr~
· dufrion ofa Muilirom, having not yet had fufficient time to profecute ac..
' cording to my defires, I mufi referr this to a bett~r opportunity o.f Ul)(
myn, or leave and recommend it to the more diligent eDquity aod exa·
mtnation of fuch as can be mafiers both of leifure a,nd conve.uie.acies fa-'
fuch an Enquiry.
And in the mean time, I mufi conclude, that as far as. I ha,v¢ been able:
to loo.k into the n:u~e of this Primary kind of life and vegetation, I cannot fi.Qd the leafi probable argument to perfwade me there is a\'ly othe.t
concurrent. caufe thenfuchas is. purely ~cbanical, and cllat the effeCts
or prod uthons are as necdfury upon the coocu r~co ce of thofe caufes. as
that a Ship, when the Sails are hoifi up, and the Rudder is fet to fuclu.
pofitioo)fuould)when the Wind. b.\Q'¥~ he mov'4 in Ulch a way or courfe.
.
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to that or t'other place; Or, as that the britfed Watch which I men~
tion in the defcription of Mofs, fhould, when thofe part; which hindred
its motior:t w~re f.1l!en aw:ty, begin to move, but after quite another man.:.
ner then It d1d before;
.

Obferv. · XX 1. Of Mofs, and feveral other frnall vegetative Suh:.
fiances.

M

0~ is a Plan_t, that th~ wife{l:

of Kings
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thought ne1ther i.mworthy
hts fpeculatiOn, nor hts Pen, and though amongfr Plants it be id
buJk one ofthe fmallefi, yet it is not the leafi confiderable: For, as to its
fhape, it may comp.are for the bea~ty of i~ with any ~]ant that grows,
and bears a much btgger breadth; 1t has a root almoO: h~e a feed y Parfnep, fu~ni~'d with fmall firings an~ fuckers? which are all
them finely
branch d, hke thofe of the roots of much b1gger Vegetables; out of this
fprings the fiem or body of the Plant, which is fomewhat ~adrangula~
rather then Cylindrical, mofi curioufly fluted or fhurig with iinall creafes"
which run,for the moll: part,paraUel the whole !tern; on the fides of thi~
are clof~ and thick fet, a multitude of f.1ir,large, well-!bap'd leaves, fome
of thein of a rounder, ethers of a longer !bape, according as they are
younger or older when pluck'd; as I ghefs by this, that thote Plants that
had the !talks growing fi-om the top of them, had their leaves of a much
longer fba pe, all the furface of each fide of which, is curioufly cover'd
with a multitude of littl~ oblong tranfpan~nt bodies, in the mannet as
you fee it exprefs' din the leaf B, in the X II I. Scheme.
This Plant, when young and fpr.inging up, does much refemble a Houfleek,having thick leaves,almofi like that, and feems to be fornwhat ofkiri
to it in other particulars; alfo from the top of the leaves, there lboots out
a fmall white and tranfparent hair, or thorn: This fiem, in time,com~ to
fhoot out into a lon~)roundand even !talk, which by cutting tranfverDy,
when dry, I manifefily found to be a !tiff, hard, and hollow Cane, or
Reed, without any kind of knot, or fiop, H·om its bottom, where the
leaves encompafs'd it, to the top; on which there grows a large feed cafe,
A, cover'd with a thin, and more whiti!b fkin, B, terminated in a long'
thorny top, which at firO: covers all the Cafe,,and by degrees, as that
fwells, the fkin cleaves, and at length falls off, with its thotny top and all
(which is a part ofit) and leaves the feed Cafe to ripen, and by degrees,
to fhatter out its feed at a place u.nddneath this cap, B, which before'
the feed is ripe, appears like a flat barr' d button, without any hole in tho
middle; but as it ripens, the button grows bigger, and a hole ae'pears in
the middle ofit, E, out ofwhich, in all probability, the feed falls: For
as it ripens by a provifion of Natur<:, that end of this Ca(e furns downward after the fame manner as the eats of Wheat and Ba'r ley ufual1y do;
and opening feveral of thefe dry red Cafes, F, i found them to be
T 2
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quite hollow, without any th_ing at all in them; wher~as whe~ I cut the~
afunder with a {harp Pen-kmfe when green, I found m the mtddle of thts
great Cafe another fmaller round Cafe,between which two;the interflices
were fill'd'with multitudes of ftringie ftbres, which feem'd to fufpend the;
Ieffer Cafe in the middle of the other, which (as farr as I was able to difcern) feem' d full of exceeding fmall white feeds, much like the feed-bagg
in tne knop of a Carnation, after the flowers have been two or three
days or a week,fallen off; bu.t this I could not fo perfeCtly difcern:~ and
ther~fox:e cannot pofitively affirm it.
After the feed was fallen away, I found both the Cafe, Stalk,and Plant,
all grow red and wither, .and fro~ other parts of.the root continually to
ipring new branches or fhps, whtch by degrees mcreafed, and grew
bigg as the former, feeded, ripen' d, fhatter' d, and wither' d.
I coulq not find that it obferv' d any particular feafons for thefe fevera~
kinds ofgrowth, but rather found it to be fpringing, mature, ripe, feedyJ
and wither'd at all times of the year; But I found it moft to flourifh an
wcreafe in warm and moift weather.
It gathers its nourifhments,for the mofr part ,out of fome Lttpiclefi·( nt .or
other fubftance corrupted or chang' d fi·om its former texture, or {ubftantial form; for I have found it to grow on the rotten parts of Stone)
of Bricks, of Wood, of Bones, of Leather, &c.
.
It oft grows on the barks of feveral Trees, fpreading it felf, fometi111es
from the ground upwards, and fometimes from fame chink or cleft of
the bark of the Tree, which has fame putrifj' d fubfiance in it ; but this
feems of a diftinfr kind from that which I obferv'd to grow on p1ttrify'cl,
inanimate bodies, and rotten earth.
Ther-e are alfo great varieties of other kinds of Moffes, which grow oq
Trees, and feveral other Plants, of which I fhall here make no mention,
nor of the Mofs growing on the fkull of a dead man, which much re·
fembles that ofTrees.
Whether this Plant does fornetimes originally fpring or rife out of corruption, without any diifeminated feed, I have not yet made trials en01,1gq
to be very much, either pofitive or negative; for as it feerns very hard to
conceive how the feed fhould be generally difpers' d into all parts w\lere
there is a corruption~ begun, unlefs we may rationally fuppofe, that this
feed being fo exceedin_g imall,and confequently :xceeding light,is thereby taken up, and earned to and fro m the Air mto every place,a,nd by
the falling drops of rain is wafh' d down out of it, and fo difpers' d into all
places, and there onely takes root and propagates, where it finds a convenient foil or matrix for it to thrive in; fo if we will have it to pn>ceed
ffom corruption, it i~not lefs difficult to conceive,
Firfr, how th~ corruption of any Vegetable, much lefs of anx Stone o.r
Brick, fbo_ul_d be the P~rent of fo curioufly figur·d, and fo· perfea; ~
Plant as this Is. But here mdeed, I cannot but add, that it feems rather-tQ
be a product of the Rain in thofe bodies where it is fray' d, then of the
ve;y bodies themfelves, fince I ha~e found it growing on Marble,, an.~
Flmt; but always the Microfc-ope, 1f not the naked eye, would di,f,Cov.er
fomf; little hole of Dirt in which it was rooted.
Ntxt:

•s

l33

MICROGRAPHIA.
Nfxt,how th~ corruption of ea~h ofthole exc~edingly diffi:ring bodies
fl1oul<,l all confptre to the produchon of the fame Platit,that is,that Stones
Bricks) Wood) or vegetable fubfl:ances, and Boues; Lea~ber Horns
animate fubfl:ances, unl~fs we may with foq~e .plauG~kncfs fa'y, thnt' Air
and Water are the coadJutors, or lilt nftnmms ,mall kmd s ofputrifa[/ions
and that thereby the bodies (though whil'{l; they rctaiu'd their fubfl:an~
tial fo~ms~were ofexdcecing c;iiifering nat\lres.,yet )Gnce iJ ey arc difiolv' d
anq m~xt mt? ~nothe:·, they rnay be very Boul(;!fe'!eo~U, they b,eing almolt:
refolv d agam Into Atr, Water,and Earth; retammg,perhaps0 one part of
their vegetative faculty yet entire, which metting with congruous affifl:ants, fuch as the heat of the Air, and the fluidity of the Water and
fuch like coad j~tor~ and conveniences, acquires a certain veget:.uio'n for
a. time, wholly differing perhaps fi-om that kind of vegetation it had
before.
To explain my meaning a little better by a grotS Similitude:
Suppofe a curious piece of Clock-work, that had had feveral motion$
and contrivances in it, which, ·when in order, would all have mov'd in
their dd1gn'd methods and Periodi. We will further fuppofe, by fome
means, that this Clock comes to be broken, brufed, or other\vifc difot..
dered, fo that feveral parts of it being diflocated, are... impeded, and fo
fiand fl:ill, and not ondy hinder its own progrdlive motion_, and produc~
11ot the effect which they were def1gn'd for, but becaufe the other part~
alfo have a dependence upon thex:n, put a fl:op tQ their motion likewife;
aud fo the whole Infl:rument becomes unferviceable, and not fit for any
ufe. This Infirument afterwards, by fome {baking and tumbling, and
throwing up and down, comes to have fcveral of its parts fhaken out, and
feveJ"ril of its curious motions, and contrivances, and particles all £11leri
afunder; here a Pin falls out, and there a Pillar, and here a Wheel, and
there a. Hammer, and a Spring, and the lik~, and among the refi, away
f.11ls thofe parts alfo which were brufed and diforder'd, and had all this
while impeded the motion ofall the ref!:; hereupon feveral ofthofe othe
motions that yet remain, whofe fprings were not quite run down, being
now at liberty, begin each of them to ~ovelthus or thus, but quite after
another method then befo.t;e, there being many ~egulating parts and the
like,fallen away and lofr. Upon this, the Owner2 who chances to hear
and obferve fome of thefe effeccs, being ignorant of the Watcb~makers
Art, wonders what \s betid his Cloc~, and prefently imagines tha
fome Artifr has been a~ work, and has fet his Clock in order, and made a
new kind oflnfl:rument of it, but upon examining circwn{bmces)he finds
thei:e was no fuch matter, but that the cafual flipping out of a Pin had
made feveral parts of his Clock fall to pieces} and tha~ thereby the o~
fiacle that all this while hindred his Clock, together with other ufefidl
parts were fallen out, and K> his Clock was fet at liberty. And upon
winding up thofe fprings again when run down, he finds his Clock to go,
but quite after another manDer then it was wont heretofore.
And thu:; may it be perhaps in th¢ bufinefs of Mofs and Mould, and
MuQuq~s, and (everal ot~e.; fpqntanrous ki~ds o( vegetatjons~ which
·
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may be caus'd by a vegetative principle, which was a coad jntor to the
life and growth of the g.reater Ve~etable, an? w.as by the defiruying
of the life of it fiopt and Impeded 111 performmg Its office ; but ~fter
wards, upon a further corruption of feveral parts that had all the while
impeded it, the heat of the Sun winding up, as it were, the fpring, fets it
again into a vegetative motion, and this being fingle, and not at all regu]ated as it was before(when a part of that greater machine the prilline vegetable)is mov' d after quite a differing manner,and produces effects very
differing from thofe it did before.
But this I propound onely as a conjeCrure, not that I a~ more enclin'd
to this Hypothejs then the feminal, which upon good re~lion 1ghefs to be
Mechanical alfo.~ :ts I may elfewhere more fully ihew : But becaufe I may,
by this,hint a poffible way how this appearance may be folv 'd; fuppofing
we ihould be driven to confefs from certain Experiments and Obfervati·
ons made, that fuch or fuch Vegetables were produc'd out of the corruption ofanother, without any concurrent feminal principle (as I have
given ferne reafon to fuppofe, in the defcription of a lJ,ficrofcopical Mufbrome) without derogating at all from the infinite wifdom of the Creator.
For this accidental produCtion: as I may call it, does manifefi as much, if
not very mu':h more, of the excellency of his contrivance as any thing in
the more perfect vegetative bodies of the world) even as the accidental
motion of the Atttomaton does make the owner fee, that there was much
more contrivance in it then at firfi he imagin'd. But of this I have added
more in the defcription ofMould,and the Vegetables on Rofe leaves,&c.
thofe being much more likely to have their original from fuch a caufe
then this which I have here defcribed, in the 13. scheme, which indeed I
cannot conceive otherwife of, then as of a mofi perftct Vegetable, w~nt
ing nothing of the perfections of the mofr confpicuous and val1efr Vegetables of the world, and to be of a rank fo high, as that it may very
properly be reckon'd with the tall Cedar of Leban()n, as that Kingly
Botanifi has done.
We know there may be as much curiofity of contrivance, and excellency of form in a very fmall Pocket-clock, that takes not np an Inch
fquare of room,as there may be in a Church-deck that fills a whole room;
And I know not whether all the contrivances and .lt-fechanifm.r requifite
to a perfeCt Vegetable, may not be crowded into an exceedingly Ids
room then this of Mofs, as I have heard of a frriking Watch fo fmall,
that it ferv'd for a Pendant in a Ladies ear; and I have already given
you the defcription of a Plant growing on Rofe leaves, that is abundant·
ly fmaller then Mofs; infornuch, that neer 1000. of them would hardly
make the bignefs of one fingle Plant of Mofs. And by compring the
bulk of Mofs, with the bulk of the biggefi kind of Vegetable we meet
. with in Story (of which kind we find in forne hotter climates, a !.I G11ine,
and Brajile, the fiock or body of fome Trees to be twenty foot inDia·
meter, whereas the body or ft:em ofMofs, for the mofr part, is not above
one fixtieth part of an Inch) we ihall find that the bulk of the one
will exceed the bulk of the other, no l~f& then ~985984 Millions,
o.r
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or 298S984ooooco, and fuppofing the produfdoh on a Rofe leaf to Be
~Plant, we fball hav~ of thofe Indian Plants to exceed a production of
the fam! egetable.kmgdom no Ids then 1 obo times the fottner number;
fo prod1gtou£ly vanous are the works of the Creator,and fo All-fufficient
is. he to perfo;m what to man would feem unpoffible, they being both
ahke eafie to htm, even as one day, and a thoufand years are to him as
one and the fame time.
I have taken notice of fuch an infinite variety of thofe fmaller kinds of
vegetations, that fhould I have defcribed every one of thern,they wbuld
~lmofi have fill'd a Volume,and prov'd bigg enough to have made a new
Herbal, fuch multitudes are there to be found in moi£1: hot weather
efpecially in the Summer time! on all kind of putrifyicg fubfiances, which:
whether they do more properly belong to the alttJfi~ of Mttjhrom~, or
MtJNlds, or Moj]es, I fball not now difpute, there being forne that feem
more properly of one kind , others of another , their colours and
magnitudes being as much differing as their Figures and fubftances.
Nay, I have obferv' d)that putting fair Water (whether Rain-water or
Pump~water, or May-de'llJ, or Snow-water, it was almofr all one) I havOl
often obf~rv'd, I fay, that this Water would, with a little fran ding, tarnilli
and cover all about the fides of the Glafs that lay under water, with a
lovely green ; but though I have often endeavour'd to difcover with my
Microfcopt whether this gr~n wete like MofsJ or long firiped Sea,.w.~ed,
or any other peculiar form, yet fo ill and imperfect are our Micr'.foopu-1
that I could not certainly difcriminate any.
;
Growing Trees alfa, and any kinds of Woods, Stones, Botlef;.&c. that
have been long expos'dto the Air and R.ain, will be all over cover'd witlt
a greenifb fcu~ff,whi.ch ~ill ve;y ~uch f?ul and green. any ld~d of c~a~hs
that are ruhb d agau~fi it; vtewmg this, l could not certainly perceive
in many parts ofit any determinate form,though in many I rould perceive
a Bed as 'twere of young MofS, but in mher parts. i~ look' d almofr like
green butbes,and very confus'd,but ahvaysofwhat ever irregular Figures
the parts appear'd of1 they were always green, and feem'd to be eithet
fome Vegetable, a.r to have fome vegetating principle.

y

Obferv. XXI I. Of ~ommon. Sponges, andfevaal other Spongj~
fibrous. bodies.
..

'

.

- ~~ Sponge~ comdlmlly reckon'd among the 'lo6ph}t.r> or: Plant Ani£'.1 mals; and thetB.X"tftn()f it,wbich the .Mitrr,jtopt diiCovers,feems to
confirm it; for it is of. a form wheneofl neV'erobferv'd any other Veg~
table, and indeed,it feeitl'l impoHibletbat atJy fnomd be of it, iOrJt con6lb ofan imoite numbers of fma,U flwrofore.;, or nef'Vons; parts, mtrth of
the iame IU~nefS, cm~ioofly joi~ed. .or con~ d togethcn- in. the form
ofa Net:>- as ~ nw~ plainly mamfelt ·bJ the litcle Draught whicli l have

added
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added, in the third Figure of the I X. scheme, of a piece ofit, which yon
may perceive re:prefents a confus'd heap of the ftbrous parts curioufly
jointed and imphcated. The joints are, for t~e moll: part, where three
fihre.t onely meet,for I have very feldom met With any that had four.
At thefe joints there is no one of the three that feems to be thefiock
whereon the other grow, buteach ofthefibres are, for the mollparr, of
an equal bignefs, and feem each of them to have an .equal fuare in the
joint ; the fibres are all ofthem much about the fame b1gnefs, not fmaller
towards the top of the Sponge, and bigger neerer the bottom or root, as
is ufuall in Plants, the le~gth of each between the joi.n~s, is very irregular and different ; the d1fi:ance between fome two JOints, bemg ten or
twelve times more then between fome others.
Nor are the joints regular, and of an equitriagonal Figwre, butforthe
mofi part, the three fibres to meet, that they compofe three angles very
differing all of them from one another.
The mefbes likewife, and holes of this reticulated body, are not le&
various and irregular: fome bilateral, others trilttteral, and ptadrilateral
Figures; nay, I have obferv'd fome mefbes to have 5, 6, 7, 8, or 9· fid~,
and fome to have onely one, fo exceeding various is the Lu.fos Nat•r• iu
this body.
As to the outward appearance of this Vegetative body, they are fo
nfuall every where, that I need not defcribe them, confUting of a foft
and porous fubfi:ance, reprefenting a Lock, fometimes a fleece of W ooll;
but it has bdides thefe finall microfoopical pores which lie between the
fores, a multitude of round pores or holes, which, from the top of it,
pierce into the body, and fometimes go quite through to the bottom.
I have obferv'd many of thefe Sponges, to have included likewife in
the midfi of their fibrous contextures, pretty large friable fiones, which
mufr either have been inclos' d whil'fi: this Vegetable was in formationJor
generated in thofe places after it was perfectly fbap'd. The later of which
feems the mare improbable, becaufe I did not find that aay of thefe fiony
fubfiances were perfor.Ited with the fibres of the Sponge.
I have never feen nor been enform'd of the true manner of the grow•
ing of Sponges on the Rock;whether they are found to increafe from little
to great,like Vegetables,that is, part after part, or like Animals, all parts
equally growing together; or whether they be mdrices or feed-baggs of
any kind ofFi!bes, or fome kind of watry Infect; or whether thel are at
any times more foft and tender, or of another nature and texnrre,whid!
things, if I knew, I fbould much de fire to be informed of: .but· from a
curfory view that I at firfi: made with my Microfcope, and fome otbcr
trials,! fuppofed it to be fome Animal fubfiance call: out, and fafined upon the Rocks in the form of a froth, or ctmgerie.r of bubbles, like thlt
which I have often obferv'd on R.ofemary, and other Plants (wherein
is included a little Infetl:) that all the little films which divide thefc
bubbles one from another,did prefently,almofi after the fubfrancc: began
to grow a little harder,break,and leave onely the thread behind, which
might be) as 'twere, the: anile or thread between the bubbles, .thatlthc
great

MrcROGRAPHiA.

137

gr~at holes or .pores obfervable in thefe Sponges wete made by the eri.J.:
ption of the mcluded Heterogeneous fubfiance (whether air or fame
other ~ody, for many ot_her fluid bodies ":'ill do the fame thi~g) which
brea.kmg out of t~e leffer, were colleCted Hito \ rery largebubbles, and
fo might make the~r way o:n .of the Sponge,. and in their pafbge might
leave a round cavity; and If It were large,nuaht carry up with it the ad~
jacent bubbles, which may be perceiv:d at the out.fi~e o~the _Sponge, if
It be firft throughly wetted, and fuffer d to plump It felf mto Its natubil
fo!rtl, or be then v.:r?ng d.ry, and fuffer'd. to expand it {elf again, which it
wdl freely do whtl fi mOilt: for when 1t has thus plump'd it felfinto its
natural fhape and dimenfions, 'tis obvious enough_ that the mouths of the
larger holes have a kind of lip <;>r riGng round about them, but the other
1inaller pores have little or none. It may further be found, that each of
thefe great pores has many other fn1all pores below, that are united unto
it, and help to confiitute it, almofi like fo many rivulets or fmall fireains
that contribute to the maintenance of a Jatge River. Nor from this
Hjpothejit would it have been difficult to explicate, how thofe little
branches of Coral, fmalStone.r, sheUs, and the like, come to be included
by thefc frothy bodi~s: .But this indcd w~s b~t a conjeCture; a~d upon
a more accurate enqmry Into the form of It wnh the Microfcope, It feems
not to be the true origine of them ; for whereas Sponges have onely
three arms which join together at each ktJot, if they had been generated
from bubbles they mufi hatre had four.
But that they are Animal Subfianccs, the chpJJical examination of
them feems to manifefi, they affording a vola til Salt and fpirit,like HartsHorn, as does a]fo their great firength and toughnefs, and their fmell
when bum'd in the Fire or :t Candle, which has a kind offleiby fent,not
much unlike to hair. And having fince examin'd feveral Authors concerning them,among others,! find this account given by BeUoniiH, in the
X I. chap. of his 2d Book, De Aquatilib1u. spongite recentes, fays he, ajiccis
Ionge diverjte,[copH!it aqme marin£ ad d11o.r vel tret cubito.r,nonnunquatJJ qua1111JT tanflllll aigito.r immerjii, 111 fungi arboribu.r adht£rent,fordido quodatJi
focco a11t ntucofa potitHfonie rift£rtt£,1tfque adeo ftetida,llt vel eminm naufta11J
IXt:itet! continetur aHtem ih' cavernh, qutH inanu inJict:is & loti.r spongih"
cerni111111: P11tris pulmonh modo nigrte .confPiciunt1tr, verunt qut£ in Jitblimi
•rrJHtt nafcHntHr mHlto magis opttca nigredine jiiffufo font. Vivere quided/.
spongiM adheerendo Arifioteles cenji.t : a~(olute 1.1ero minime : fenfomque
aliquem habere, vel eo argumento (inquit) credantur, quod dijfir:ilii11te ab-JlrahantHr,niji clanc~lum agatur:1tq; ad ~vulfori! accejju11~ itacontrahanl1tr'
11t eM eveUere clijjiczle jit, quod zde111 ettam faczunt q1totre1 ftatut tempejlattflJrte ~trge~t. Puto aute~t iUis focc~m fordid1tm quem jitpra 1d~xi~IH car-'
nis IDctl a natHra attrzbutum fitijfc : atque meattbiH lattortilm tan ..
tp~am intrjlinis aut interaneis uti. C.eter1ttJJ par.r ea q11.£ spongit£ ca~ti~m
adhttrent eft tanquam folii petiolm, quo veluti coll~tm quod~atJJ graczle_mJ
cipit: qrtod deinde zn latitudinem dijjufom capith' globum factt. Recentrbm
nihil eft fiftulofom, ht£_fit11ntque tanq11am radici!JtH.. 811-pern:e _omn.e.r propm1o•
dttm mtattN '()ttcreti latent : inftrne vero qu~t.term ll11t fj111nT patent,per q'ltos
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em (ugere exiftimamus. From which Defcription, they feem to be a kind
of Plant-Animal that adheres to a Rock, and thefe fmallftbre.r or threads
which we have defcribed, feem to have been the Veilels which ('tis very
probable) were very much bigger whil'fi the btter{litia were fill'd (as
he affirms) with a mucous,pulpy or flefhy fubll:ance; but upon the drying
were ihrunk into the bignefs they now appear.
The texture ofit is fuch, that I have not yet met with any other bpdy
in the world that has the like, but onely one of a larger fort of Sponge
(which is preferv'd in the Mufhtm Harveanum belonging to the mofi
Illufirious and mofr learned Society of the Phyjiciall.I of London) which is
of a horney, or rather of a petrifY d fi1bll:ance. And of this indeed, the
texture and make is exactly the fame with common Sponges, but onely
that both the holes and the fibres, or texture of it is exceedingly much
bigger,for fome of the holes were above an Inch and half ever, and the
fibres and text11ri of it was bigg enough to be dill:inguifi1ed eafily with
ones eye, but confpicuoufly with an ordinary fingle .iWicrofcope. And thefe
indeed, feem'd to have been the habitation of fome Anim:.~l ; and examining .Arijiotle, I find a very confonant account hereunto> namely, that
.he had known a certain little Animal, call'd Pinnothera, like a Spider, to
b(:; bred in thofe caverns of a Sponge,from within which,by opening and
clofing thofe holes, he infnares and catches the little Fitbes; and in another place he fays, That' tis very confidently reported, that there are certain Moths or Worms that refide in the cavities of a Sponge,and are there
nourillied: Notwithll:anding all which Hifi:ories,I think it well worth the
enquiring into the Hifiory and nature of a Sponge, it feeming to promife
fome information of the Veifels in Animalfubll:ances, which (by reafon
of the folidity of the interferted Belli that is not eafily remov' d, without
dell:roying alfo thofe interfpers' d Vdfels) are hitherto undifcover'd;
whereas here in a Sponge,the P~trenchyma,it feems,is but a kind of mucous
gelly, which is very eafily and cleerly walli' d away.
The reafon that makes me imagine, that there may probably be fome
fuch texture in Animal fubfi:ances, is, that examining the texture of the
filaments of tann' d Leather, I find it to be much of the fame nature and
firength of a Sponge; and with my Micr*ope, I have obferv·d many fuch
joints and knobs, as I have defcribed in Sponges, the fibres alfo in the hollow of feveral forts of Bones, after the Marrow has been remov' d, I have
found fomew~at to refemble this texture, though, I confeG, I never yet
fou_nd any texture exaCtly the fame) nor any for ~uriofity comparable
to 1t.
The fibments of it are much fmaller then thofe of Silk, and through
the Microfcope appear very ncer as tranfparent~ nay, fome parts of them
I have obferv'd much more.
Having examin'd alfo feveral kinds of Mulliroms, I finde their texture
to be fomewhat of this kind, that is, to confill: of an infinite company of
fmall filaments, every way contex' d and woven toget her, fo as to make a
kin~ of cloth, and more particularly, examining a piece ofTouch-wood
(whtch is a kind of]efr'J-Iilr~ or Mufh1·om, growing here in En.,((!andalfo,
on
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on feveral forts of Trees, fuch as Eiders, Maples, Willows, &c. and is
commonly call'd by the name of sp1mk.:, but that we meet wtth to be
fold in Shops, is brought from beyond Seas) I found it to be made of an
exceeding delicate texture: For the fubfiance of it feels, and looks to
the naked eye,and may be firetch'd any way,exaCl:ly like a very fine piece
of Chamois Leather, or wafh'd Leather: but it is of fomewhat a browner
hew, an~ nothing neer fo {l:rong; but examining it .with my Microfcope,
I found Jt of fornewhat another make then any kmd of Leather; for
whareasboth chamois, and all other kinds of Leather I have yet view'd;'
confifr of an infinite company of filaments, fomew hat like bufhes interwoven one within another, that is,ofbigger parts or fie:ms, as it were, and
fmaller branchings that grow out of them; or like a heap of Ropes ends
where ~ach of ~he large~ Ropes by degrees feelll: w fplit or uru;wifr, int~
many- fmallei Cords, and each of thofe Cords lnto fmaller Lmes, and
thofe Lines into Threads, O"c. and thefe firangely intangled, or interwoven one within another : The texture of this Touch-wood f<"ems
more like that of a Lock or a Fleece ofWool) for it confifis of an infinite
number of fmall filaments, all of them, as farr as I could perceive, ofthe
fame bignefs like thofe of a Sponge, but that the filamentr of this were
~ot a twentieth part of the bignefs of thofe of a Sponge; and I could not
fo plainly perceive their joints, or their manner of interweaving, though,
as farr as I was able to difcern with that Microfcope I had, I fuppofe it to
have fome kind ofrefemblance, but the joints are nothing neer fo thick,
nor without much trouble vifible.
The hlaments I could plain!y enough perceive to be even,round,cy lindrical,tranfparent bodies,and to crofs each other every way, that is, there
were not more feem'd to lie horizontally then perpendie~1/arly and thwart...
way, fo that it isfomewhat difficult to conceive how they ibould grow
in that manner. By tearing off a tinall pie~e of it, and lookin~ on the
ragged edge, I could among {everal of thofe fibres perceive fmall joint~,
that is, one of thofe hairs fplit into two, each of the fame bi gnefs with the
other out of which they feem'd to grow, but having not lately had an
opportunity ofexamining their manner of growth, I cannot pofitively affirm any thing ofthem.
But to proceed, The fwelling of Sponges upon wetting, and the rifing
of the Water in it above the furface of the Water that it touches, are
both from the fame caufe, of which an account is already given in the
fixth Obfervation.
The fubfiance of them indeed, has fo many excellent properties,fcatce
to be met with in any other body in the world, that I have often won"'
dered that fo little ufe is made of it, and thofe onely vile and fordid ;
cenainly, if it were well confider'd, it would afford much greater con•
veniencies.
That ufe which the Divers ate faid to make of it , feen1s, if true,
very firange, but having made trial of it my felf, by dipping a fm;tll piece
~f it in very good Sallet-oyl,and putting it im my mouth,and t~en keep•
Jng my mouth and nof~ under water,I could not find any fuch thmg ; for I
V 2
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was as foon out of breath,as ifl had had no Sponge,nor could I fetch my
breath without taking in water at my mouth ; but I am very apt to
think, that were there a contrivance whereby the .expir'd air. ~igh~ ~e
forc'd co pafs through a wet or o~ly Sponge before It ~er~ agam I~fpir d,
it might much cleanfe, and fl:ram ~w~y fron; ~he Air ?Iv~rs fultgt?OUS
and other ·noifome £learns, and the dippmg of It m certam liquors mtght,
perhaps, fo renew that property in the A~r w~ich it lofes in the Lun~s,by
being breath' d that one fquare·foot of Atr mtght lafi a man for refplrauon much longe;, perhaps,thcm ten will now ferve him of common Air.

Obierv. XXI II. Of the curious texture ofSea-weedi.
Or curiofity and beauty, I have not among all the Plants or Vege·
tables I have yet obferv'd, feen any one comparable to thi~ Sea-weed
1 have here defcrib' d, of which I am able to fay very little more then what
is reprefented by the fecond F ig11re of the ninth scheme : Namely, that
it is a Plant which grows upon the Rocks under the water, and increafes
and fpreads it felf into a great tuft, which is not onely handfomely
branch' d into feveralleaves, but the whole furface of the Plant is cover'd
over with a moll: curious kind of carv'd work, which conftfis of a tex·
ture much refembling a Honey-comb ; for the whole furface on both fides
,is cover' dover with a multitude of very fmall holes,being no bigger then
many holes made with the point of a fmall Pinn, and rang'd in the
neatefr and moll: delicate order imaginable, they being plac' din the man·
ncr of a ~inctmx, or very much like the rows of the eyes of a Fly, the
rows or orders being very regular, which way foever they are obferv·d:
w~at the texture was, as i~ ~ppea.r' d through a pretty bigg Magnifying
Mttrofcepe, I have here adJOin d m the firfi Figure of the 14. scheme.
which round Area A B CD reprefents a part of the furface about one
eighth part of an Inch in Diameter : Thofe little holes, which to the eye
look'd round, like fo many little fpots, here appear'd very regularly
fbap'd holesj· reprcfenting almofr the fbape of the fole of a round toed
iboe, the hinder part <:f which, is, as it v.:ere, tr~d on or ~over' d by the
toe of that next below It;thefe holes feem d wall d about wtth a very thin
and tranfparent fubfrance, looking of a pale firaw-colour; from the edge
ofwhich, againfi the middle of each hole, wete fptouted out four fmall
tran~pare~~ frraw-col,;mr'd Thorns, which feem'd to protelt and cover
thofe cavities, from euber ftde two ; neer the root of this Plant:. were
fprouted out feveral fmall branches of a kind ofbafiard Cor11llint curi•
ouily branch'd, thoughfmalJ.
'
And to co~rm this, havi~g lately the opportunity of viewing the
large Plant (tfi may fo calltt) of a Sponge petrijj'd, of which I made
mention in the lafi Obfervation, I found, that each of the Branches or
Figures of it, did, by the range of its pores, exhibit jufi fuch a texture,
the
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the row~ of pores croffing one another, much after the rnahner as the
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rowsofeyesdo wh~ch are defcrib'd in.the 26.8cheme: Coralline aHo,and
feveral forts of whtte Coral, I have wtth a iWcrofcope obferv'd very curioufly fuap'd. And I doubt not, but that he that fi1all obferve thefo
feveral kinds of PJants that grow upoh Rocks, which the Sea fo~e ·
times overflows, and thofe ~eaps of ot~ers which are vomited out of it upon the £hore, may find multttlJdes of ltttle Plants, and other bodie~ which
like ~his will a.fford.v~ry beautifull obi.illll f~r the. Mi~rofcope ; a;1d this
Bpecmren here ~~ ad JOin d onely to excite their cunofit1es who h,nve oppor.tunity_ of obferving to examine and co~lecr w~at t~ey find worthy
thetr nouce; fot the Sea, among tetrcfinal bod1e~~ Is alfo a ,prfJ!ijii:ft
mother, and affords as many In!l:ances of j}ontaneo11s generations as either the Air or Earth.

Obferv. XXI V. Ofthe furfacts ifRofemary~ andother leaves.

T

His which is delineated within the circle ofthe fecond Fig11re of the
14. Scheme) is a fmal1 part of the back or under fide of a leaf of
Rofemary, which I did not therefore make choice of, becaufe it had any
thing rcculiat whkh wa~ not obfervable with a MicrqftflfJe' in feveral
other Plants, but becaufe it exhibit~ at one view,
·
Firfi, a fmooth and fhining furface, namely} A BJ which is a: part of the
upper fide of the leaf, that by a kind of hem or doubling of the leaf apptars ot1 this fide. There are multitudes of leaves, whcfe furfaces are
like this frnooth, and as it were quilted, which look like a curious quilted
bagg of green Silk, ()f like a Bladder, or fome fuch pliable tranfparent
fubfiance, full fiuffed out with a green juice or liquor; the furface of
R.ue, or Herbgrafs, is polifu'd, and all over indented, or pitted, like the
Silk-worm's Egg,which l lhall anon defcribe; the fmooth furfaces of other
Plants are otherwife quilted; Nature in thi$, as it were, expreffing her
Needle-work, or imbroidery.
Next a downy or bufhy furface, fuch as is all the under fide aJmofi,
appearing through the Microfcope much like a thicket of bufhes, and with
this kind of Down or Hair the leaves and fialks of multitudes of Vegetables are covered; and there feems to be as great a variety ia the fhape,
bulk; and manner of the growing of thefe fecundary Plants, as I may call
them (they being, as it were, a Plant growing out of a Plant, or fome..
what like the hairs of Animals) as there is to be found amongfi fmall
fhrubs that compofe bufhes; but for the mol} part, they confifi of fmall
ttanfparent parts, {orne of which grow in the ihape of fmall Needles or
Bodkins,as on the Thifile,Cowag-ecod and Nettle; others in.the form of
Cat's claws,as in Cliders~ the beards of Barley, the edg~s of ieveral forts
ofGrafs and Reeds~&c. in other,asColtsfoot,Rofe-campton, Aps, Poplar,
Willow, and almolr all other downy Plants, they grow in t?e form of
hlithes very much diverfify'din each particular Plant. That wh1ch I have
before
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before in the 19. Obfervation noted on Rofe-le~v~s, is of a quite differing kind, and feems indeed a real Vegetable, dtfhnfr fr?m t~e lea£
Thirdly, amongthefe fmall bullies are obferv.able an mfimt~company
offrnallroundBalls, exaCtly Globular, and very much refembhng Pearls,
namely, CCCC, ofthefe there may be multitudes obferv'd in Sage,
and fe'v eral other Plants, whkh I fuppofe was the reafon why .Athanajim
Kircher fuppofed them to be all cover'd with Spiders Eggs~ or young
Spiders, '":hie~ indeed is nothing elfe but. fome kind of gummous exfudation,whtch 1s always much of the fame b1gnefs. At firft fight of thefe,I
confefs, I _imagin'd that they might have been fome kind of matrices,ror
nourithing receptacles for fome frnall Infect, jufr as I have fmmd Oakapples and multitudes of fuch other large excrefcencies on the leaves
and other parts ofTrees and· £hrubs to be for Flyes, and divers other InfeCts, but obferving them to be there all the year, and fcarce at all to
change their magnitude, that conjeCture feem'd not fo probable. But
what ev~r be the ufe of it, it affords a very pleafant objefr through the
Microfcope, and may, perhaps, upon further examination, prove very
luciferous.

Obferv. XXV. Of the flinging points and juice of Nettles, and
fome other venomous P/ants.
Nettle is a Plant fo well known to every one,as to what the appearance ofit is to the naked eye,that it needs no defcription;and there
are very few that have not felt as well as [een it; and therefore it will be
no news to tell that a gentle and Oight touch of the fkin by a Nettle,does
oftentime, not onely create very fenfible and acute pain, much like that
of a burn or fcald,but often alfo very angry and hard fwellings and infla·
mations of the parts, fuch as will pr.efently rife, and continue fwoln divers hours. Thefe obfervations, I fay, are common enough ; but how the
pain i~ fo fuddenly created, and by what means continued, augmented
for a time, and afterwards dirninifh'd, and at length quite exfringuifh'd,
has not, that I know, been explain'd by any.
And here we nwft have recourfe to our MicrOJcope, and that will, if
almofr any part of the Plant be looked on, fhew us the whole furface of
it very thick fet with turn-Pikes, or fharp Needles, of the fhape ofthofe
reprefented in the 15. scheme and firfi FigHre by A B, which are vifible
alfo to the naked eye ; each of which confifis of two parts very difiinfr
for fhape:and differing alfo in quality from one another. For the part A,
is fhaped very much like a round Bodkin,from B tapering till it end in a
very £harp point; it is of a fubfiance very hard and iliff, exceedingly
tranfparent and deer~ and, as I by many trials certainly found, is hollow
from top to bottom.
This I found by this Experiment~ I had a very coavenient Micro-
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JCope with a fingle Glafs which drew ~bout half an Inch>this I had fafincd
into a little frame, almofi like a pair of SpeCtacles, which I placed before
mine eyc:s, and fo holding the leaf of a Nettl~ at a convenient diltance
from my eye, I did firfi, with the thruil:ing of feveral of thcie hrifrles into
my ikin) perceive that prefently after I had thrult them in I felt the uu·rn..
ing pain begi~; next. I obferv'd in di~ers .of them, that l!pon ~hrufiing
my finger agamft thetr tops, the Bodkm (1f I may fo call tt) dtd not in
the leafr bend, but I could perceive moving up and down within it a cer·
tain liquor, which upon thrufiing the Bodkin againfi its bafis, or bagg B
I could perc.eive t<? rife towards the t?p, ~nd upon taking a":'lty my hand:
I could fee lt agam fubfide, and fbrmk mto the bagg; this I did very
often, and faw this Ph~nomenon as plain as I could ever fee a parcel of
water afcend and defcend ina pipe ofGlafs. But the bafis underneath thefe
Bodkins on which they were faft, were made of a more pliable fubfiance,
and looked almoft like a little ba~g of green Leather, or rather refem..
bled the fha pe and ft.uface of a Wilde Cucumber, or C1tCitmerJ.r a{i11ini,
and I wuld plainly perceive them to be c~rtnin little baggs, bladders,or
receptacles full of water, or as I ghds, the liq\1or of the Plant, which was
poifonous, and thofe fmall Bodkins were but the Syringe·pipes~ or Gly..
fier·pipes, which firfi made way into the fkin, and then ferved to convey
that poifonous juice, upon the prefiing of thofe little baggs~ into the in..
terior and fenfible parts of the fkin, which being fo difcharg'd, does cor..
rode, or, as it were, burn that part of the fkin it touches; and this pain
will fometimes lafr very long, according as the impreffion is made deeper
or ftronger.
The other parts of the leaf or fiuface of the Nettle, have very little
confiderable, but what is common to mofr of thefe kinds of Plants, as the
ruggednefs or indenting, and hairinds, and other roughodles of the furface or out·fide of the Plant, of which I may fay more in another place.
As I fl1all likewife of certain little pretty deer Balls or Apples which I
have obferved to fiick to the fides of thefe leaves, both on the upper and
under fide, very much Hke the fmall Apples which I have often obferv'd
to grow on the leaves of an Oak call'd Oa~appleJ which are nothing but
the Matricu of an Infef.r, as I elfewhere fuew.
The chief thing therefore is, how this Plant comes, by {o Hight a touch,
to create fo great a pain;and the reafon of this feems to be nothing elfe,but
the corrofive penetrant liquor contain' d in the fmall baggs or bladders,
upon which grow out thofe fharp Syringe-pipes, as I before noted; and
very confonant to this, is the reafon of the pain created by the fiing of a
Bee Wafp, &c. as I elfewhere fuew: For by the Dart,which is likewife a
pi~ is made a deep pafi2ge into the £kin, and then by the anger of the
Fly 'is his gaily poifonous liquor in jeered; which bcin~ admitted among
the'fenfible parts, and fo mix·d with the humours or jtagnating juices of
that part, does create an Ebullition perhaps, or tjfervefcem, a_s isufually
obferv'd in the mingling of two di~riog chymical foline l~quors, by
which means the parts become fwell d, hard, and very pamfull; for
thereby the nervous and fenfiblc parts are not onely firetch' d and ftrain' d
·
beyond

144

. MI c R 0

G R A p H I A.

beyond their natural tone, but are alfo prick'd, perhaps, or corroded by
the pungent and incongruous pores of the intruded_ liquor.
. •
And this feems to be the reafon, why Aq11a fortrs, and other foltnt h•
quors, if they come to touch the fenfitive parts, as in a cut of the fkin,
or the like, do fo violently and intollerably excr1tciate an~ tor~ent the
Patient. And 'tis not unlikely, but the Inventors of that D1~bohcal p_rall:ice of poifoning the points of Arrows an<i Ponyards, m1ght receive
their firfr hint from fame fuch Infrance in natural contrivances, as this of
the Nettle: for the r;round why fuch poifon'd weapons killfo infallibly
as they do; feems no other then this of our Nettle's fringing; forth~ Panyard or Dart makes a paifage or entrance into the fenfitive or vital parts
·o fthe body, whereby the contagious fubll:ance comes to bediffolv'd by,
and mix'd with the fluid parts or humours of the body,and by that means
fpreads it felfby degrees into the whole liquid part of the body, in the
fame manner, as a few grains ofSalt)put into a great quantity ofWater,
will by degrees diffufe it felf over the whole.
And this I take to be the reafon of killing of Toads, Frogs, EffS, and
feveral Fillies, by frrewing Salt on their backs (which Experiment was
lhewn to the Royal Society by a very ingenious Gentleman, and a worthy
Member of it) for thofe creatures having always a continual exfudation,
-as it were,ofilimy and watry parts,fweating out of the pores of their fkin,
the foJine potrticles, by that means obtain a vchic /e; which conveys them into the internal and vital parts of the body.
This feems alfo to be the reaion why bathing in Mineral waters are
fuch foveraign remedies for multitudes ofdill:empers,efpecially chronical;
for the liquid & warm vehiclet of the Mineral particles,which are known
to be in very confiderable quantities in thofe healing baths,by the body's
long fray in them, do by degrees freep and infinuate themfelves into the
pores and parts of the fkin,and thereby thofe Mineral particles have their
ways and pafiages open'd to penetrate into the inner parts, and mingle
themfelves with theflagnant juice~ of the feveral parts; befides,many of
thofe offenfive parts which were united with thofe flagn~tnt juices, and
which were contrary to the natural confiitution of the parts, and fo become irkfome and paiufull tu the body ,but could not be difcharged, becaufe Nature had made no provifion for fuch accidental mifchie&, are, by
means of this foaking, and filling the pores of the ikin with a liquor, af.
forded a paffitge through that liquor that fills the pores into the am·
bient fluid, and thereby the body comes to be difcharged.
So that 'tis very evident,there may be a good as well as an evil application of this Principle. And the ingenious Invention of that Excellent
perfon, Doctor Wren, of injeCting liquors into the veins of an Anima],
feem~ to be reducilille to th!s head: I cannot fi~y, ~or is this a fit place, to
mention the feveral Expenments made of this kmd by the mofr incom·
parable Mr. Boyle, the multitudes made by the lately mention'd Phyftcian
J:?otl:or Clarl{, the Hifrory whereof~ as he has been pleas'd to commu·
mcat_e to t~e Royal Society, fo he may perhaps be prevail'd with to make
pubhque htmfelf: But I fllall rather hint, that certainly) ifthis Principle
were

>

M Ic R0

G RAp H

i A;

~ere well c~nfi~er'~,there mig.h~, befides the ,furthe~ improving ofBath·

mg and Sy~mgmg. mto the veins, be thought.on fevei:al ways, whereby
feveral obfim~te dillempers. of a humane ~ody ,f';lch as the Gout,Drqpue,
Stone, &c. m1gh.t be ma~er d, an~ e:xpell d; anu good men might make
as good a ufe of It, as evil men h~ve made a pervefft: and DiabolicaJ.
And that the filling of the pores of tht: fkin with fame fluid vehicle is
of no fmall efficacy towards the preparing a pafiage for fe~eral kioas'of
penetrant juices, and other difioluble bodies1 tojnfinuate themfelves
within the 1'kin, and into the !etJfitive pans of the body, rna y he, I think
prov'd by an Inftance given us by Bellonirn, in the 26. Chttpter of th~
fecond Book of his obfervations, which containing a very remarkable
Story I have here tranfcrib'd! c~ cbam.eleonk nigN radices (fays he)

apud Pagum quendam Livadochorio nunc1tpat11m erui l.'uraremu~<, p/t~rimi.
& Turete fPellatum venermrt cp1id entel'enms, eas vero jhtji'lllatimfecaha1Nus, & filo trajicit:bomu ut facilitH exjccari pojfont. Turcte in eo ne•
gotio oce11patos nos videntes, Jimiliter t~H radius lraOare & ftcare voluerunt: at cum fomnun e_,ljet £jlrn, & omnes fodore nltlderent, fj11iC11ncpte
tAm radicem manibtts tr.4llaverantJitderemque abfler:ferant, aNt f<tciem di·
gitis fcalpferant, tantam pruriginem iis lock quor attigerant pojlea fe'iferu~tr,
Ht .tduri viderentur. chamllconis enim nigri radix ea virtute poUet, ut CH•
ti ~tpplicata ipfom adeo in.Ji.~tmmet, ut net fq~iU", ~ec 'll~ticte uUte ceiztejma
parte ita adurent: At prurrgo non adeo celenterJeje prodrt. Pqfi unant aul aJ..
ter11m porro horam, finguli Vtlriis faciei lociI c11tem ade-o iNjlafiJmdt~tnt ha·
bere ctepimns ut tot a fanguinea 'lJideretur, atque quo magis ea111 confricaba.:.
mrn,tanto magis excitabatur pr11rigo. Fonti ajjiJeb.tmus.foh platano,atqHe ini:.
tio pro ludicro habebamiH ft:"' rideb~tmtH: at tandem iUi phtrimllm indignati
font, & nij ajfoveraffe11/JH mtktj'llam expertos tali virtute eam plmta1npol/ere~
haud dubie 111ale n{ls multaJftnt. Attamen noflra. exc1tjatio [11it ah iltis facili·
11:1 .tccept4,-r.~tm eode111 incommode nos ajjd1os conJPicerent. Mir11111fane q1,od
in tantiUo r•dice tam ingentem efficaciam noflro ma/() e:xpertifomrH.
Gr~ci

By which obfervation ofhis,it fc::ems manifeft,that their being a11 cover'd
with fweat who gather'd and cut this root of the bfatk Chameleon Thifile,was the great reafon why they fuffer' d that inconvenience, for it feems the
like circutnftance had not beea before that noted, nor do I find any mention offuch a property belonging to this Vegetable in any of the Herbali I have at prefent by ine.
,
I could give very many Obfervntions which I have ina de of this kind,
whereby I have found. that the beft way to get a ~dy to be infinuat:d
into the fubfiance or Infenfible pores of another, Is hrfi, to find a flmd
vehicle that has fame congruity,both to the body to be infinuated,and to
the body into whofe pores you would have. the other convey'd, And in
this Principle lies the great my fiery of fraining feveral forts of bodb:, as
Marble, Woods, Bones, 6vc, .and of Dying Silks, Cloaths, Wools, Feathers, &c. But thefe being dtgreffions, I iliall proceed to :

Obferv. XXV 1. OfCowage,and the itching operation offome badies.
a certain Dow~ of ~.Plant,brought f~om the Eaft-Indies,cal_l'd
T Hereis
commonly, though very Improperly, CorP-1tch, the reafonof~htch
X

mifiake
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mi!take ismanifefr enough from thedefcription ofit,which Mr. Par'<fnfon
fets down in his Herbal) Tribe X I. Chap. 2. Phajolusjiliqua hir:fota ; The
hairy Kidney-bean, caUed in Zurratte where it grows, Couhage: We have had
(fays he) anotherofthis kjnd brought ru Dltl of the Eafr-Indi_esJ JPhich ~eiltg
planted, wa.r in foew lik! the former, but came not to perfe[/ton, the unf<!ndly
foafon not jitjfering it to jhew the flower; but efthe Cods that were hro~~ght,
fome were fmaUer,jhorter, and rounder then the Gardm kjnd; tJthers much
longer, and many growing together, tH it were in clufters,,and cover'd aU()'()er
'll'ith a brown fhort hairinefl,fo fine, that if any of it be rubb'd, or [aU on the
bacft ofones hand, or tither tender parts of the skjn, it will c~tufe ._ kjnd of
itching, but notft_ron.f!,, nor long induring, but paJJing quicPJy aw•J, '111ithDHt
either danger or harm; the Beans 'lfJerqntaUer then ordin~rJ, and of a bucft
Jhining colour.
•
~
.
Having one of thefe Cods gtven me by a Sea-Captam, who had frequented thofe parts, I found it to be a fmall ~ad, about three Inches
long, much like a fhort Cod of French Beans, which had ftx Bean5 in it,
the whole furface of it was cover'd over with a very thick and fhining
brown Down or Hair, which was very fine, and for its bignefs niff;
taking fome of this Down, and rubbing it on the back of my hand, 1
found very little or no trouble, only I was fen fib le that feveral of thefe
little downy parts with rubbing did penetrate, and were funk, or fiuck
pretty deep into my fkin. After I had thus rubb' d it for a pretty while,
I felt very little or no pain, in fo much that I doubted, whether it were
the true Couhage; but whil'fr I was confidering) I found the Down begin
to make my hand itch, and in fome flaces to fmart again.~ much like the
flinging of a Flea or Gnat, and this continued a pretty while, fo that by
degrees I found my fkin to be fwell' d with little red pufiules, and to
look as if it had been itchie. But fuffering it without rubbing or fcratching, the itching tickling pain quickly grew languid, 3nd within an hour
I felt nothing at all, and the little protuberatrcies were vanHh'd.
The caufe ofwhich odd Phtinomenon, I fuppofe to be much the fame
with that of the fringing of a Nettle, for by the: Microfcope, I difcover'd
this Down to confifr of a multitude of fmall and llender c.onical bodies,
much refembling Needles or Bodkins, fuch as are reprefented by A B.
C D. E F. of the firfi Figure of the XVI. scheme; that their ends A A A
were very £harp, and the fubfiance of them fiiff and hard, mnch like t~
fi1bfiance of feveral kinds ofThorns and crook~ growing on Trees. And
though they appear'd very deer and tranfparent, yet I could not perceive whether they were hollow or not, but to me they appear'd
like folid tranfparent bodies, without any cavity in them; whether
though they might not be a kind of Cane:, fill'd with fome tranfi>a~
rent liquor which was hardned (becaufe the Cod which I had was very
dry) I was not able to examine.
Now, being fuch fiiff, £harp bodies, it is eafie to conceive how with
rubbing they might eafily'be thruft into the tender par:ts of the skin and
there, by reafon of their ex:eed~ng finene~ ~nd. drinefs, not create' any
c~nfiderable trouble or pam, till by remammg m thofe places moifined
With the humours of the body. fomc: caufiick part flicking on them, or
refidiog
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re6ding within them might be diifolv'd and mix'd with the atnbieht ju~ce~
of that place, and thereby thofe fibres and tender parts ad joyning become affected, and as it were corroded by it; whence, while that acti. .
on Iafis, the pains created are pretty lbarp and pungent; though fmall~
which is the eifential property of an itching one.
That the pain alfo caufed by the fringing of a Flea, a Gnat, a Flie a
Wafp, and the like, proceeds much from the very fame caufe, I elfewh:re
in their proper places endeavour to manifefi:. The fi:ir.ginP: alfo offhred
Horf-hair, which in meriment is often firew' d between die fheets ofa Bed;
feems to proceed from the fame caufe.

Obferv. X X V1 I. Of the Beard af a wilde Oat, and the ufe that
may be made of it for exhibiting always to the Eye the temperature
ofthe Air, as to drinefl and moiflure.
THis Beard of a wild Oat, is a body of a very curious fi:rucrute,though
to the naked Eye it appears very flight, and iQconfiderable, it being
only a fmall black or brown Belard or Brifile,which grows out ofthe fide
of the inner Husk that covers the Grain ofa wild Oat; the whole length of
it,when put in Water, fo that it may extend it felf to its fulllength,is not
:.tbove an Inch and a hal~andfor the moll: part fomewhat fhorter,but when
the Grain is ripe; and very dry; which is ufualy in the Moneths of 1uly;
and Augufl, this Beard is bent fomewhat below the middle, namely,about
t from the bottom of it, almofi to a right Angle, and the under part of
it is wreath'd lik a With; the fubfi:ance of it is very brittle when dry, and
it will very eafily be broken from the husk on which it grows.
If you take one of thefe Grains~ and wet the Beard in Vvater,you will
prefently fee the fmall bended top to turn and move round, as if it were
fenbble; and by degrees, if it be continued wet enough, the joint or knee
will fireighten it felf; and if it be fuffer'd to dry again, it will by degrees
move round another way, and at length bend again into its former

pofl:f~reb.
· 'd wit
· h an ord'mary fimg Ie M~tr~J.Jcope,
· ~c.
I It e v1ew

· ·WI'11
It

appear I''IKe
a finall wreath'd Sprig, with two clefts; and if wet as before, and
then .look' d on with this Microfcupt; it will appear to unwreath it felf;
and by degrees,to ftreighten its knee, and the two clefts will become·
fl:reight, and almofr on oppofite fides of the fmall cylindrical body.
If it be continued to be look'd a little longer with a Microfcope, it
will within a little while begin to wreath it felf agaio, and foon after
return to its former pofi:ure; bending it felf again neer the middle, intO
a kind of knee or angle.
Several of thofe bodies I examin'd with larger Mictofcopes, and there
found them much of the make ofthofe two long wreath'd cylinders de•
lineated in the fecond Figure of the 15. scheme, which two cylinders re•
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prefent the wreathed part broken into two pieces,whereof the end A B is
to be fuppos'd to have join'd to the end C D,fo that E A C F ~oes reprefent the whole wreath' d part of the Beard, and E G a fmall ptece of the
llpper part of the Beard which is beyond the knee, which as I had not
room to:infert, fo was it not very confiderable, either for its form, or any
known property; but the under or wreathed part is notable for both:
As to its.form, it appear'd, ifit were look'd on fide-ways, almofr like a
Willow, or a fmall tapering rod of Hazel, the lower or bigger half of
which onely, is twifred round feveral times,in fome three, in others more,
in others lefs, according to the bignefs and maturity of the Grain on
which it grew, and according to the drinefs and moifrure of the ambient
Air, as I fhall fhew more at large by and by.
The whole outward Superficies of this Cylindrical body is curioufly
adorne~ or tiuted with little channels, and interjacent ridges, or little
protuber11nces between them, which run the whole length of the Beard,
and are fireight where the Beard is not twifred ,and wreath'd where it is,
jufi after the fame manner: each of thofe fides is befet pretty thick with
fmall Brifles or Thorns, fomewhat in form refembling that of Porcupines
Q!lills, fuch as 1. a a a a in the Figure ; all whofe points are diretl:ed like
fo many Turn-pikes towards the fmall end or top of the Beard, which is
the reafon, why, if you endeavour to draw the Beard between your fi.r
gers the contrary way, you will find it to frick, and grate, as it were>
againfi the lkin.
The proportion of thefe final! conical bodies a a 4 a a to that whereon
they grow, the Figure will fufficiently fhew, as alfo their manner ofgrowing,their thicknefs, and neernefs to each other, as, that towards the root
or bottom of the Beard, they are more thin, and much fhorter ,infomuch
that there is ufually left between the top of the one, and the bottom of
that next above it, more then the length of one of them, and that towards the top of the Beard they grow more thick and clofe (though
there be fewer ridges) fo that the root, and almofi half the upper are
hid by the tops of thoLe next below them.
I could not perceive any tranfveife pores, unlefS the whole wreath'4
part were feparated and cleft,in thofe little channels,by the wreathil.~io
to fo many little firings as there were ridges, which was very difij(ult to
determine ; but there were in the wreathed part two very confricoous
channels. or clefts, which were continued from the bottom F to thee}..
bow EH, or allalollg thepartwhichwaswreath'd, which feem'dto.~
vide the wreath.d CyIinder into two parts~ a bigger and a IdS; tiM bigg,et.
was thaJ: which was at the convex fide of the knet:, namely, on the-U:le- A,.
and was wreamd by 0 0 0 0 0; this, as it feem·d the brood~r~ fo
did it alfo the longer, the other P P P P P, which was ufually p\.1£!1'd or
wrinckled in the bending of the knee,as about E, feem' d both t~ lhorte.&;
and narrower, fo that at firfi I thought the wreathing and unwreathiag
Qf the Beard might have been ~us' d b)l the ihrinking or fwelling of that
part; but upon further e:xamina.rion,l foood that the defts>K K L L~wero
fiuft up with a kind of SpODgie fubfiance,. which,. for the mofr part, was
very
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very confpicuous necr the knee, as in the cleft K K, when the Beard was
dry ; upon the difcovcry of which~ I beg<.~n to think, that it was upon the
fwell ing <?f this porous pit~ upon t~e accefs of;noifl:ure or water that the

Beard,bem~ made longer m the m1dfr,was fire1ghtned,and by the !brink:.
ing or fubfiding of the parts of that Spongie fubfbnce together, when
the water or moifl:urc was exhal'd or dried, the pith or . . middle parts
growing ~orter, the whol~ be~ame twilled.
.
But thxs I cannot be pofiuve m, for upon cuttmg the wreath'd part in
many place tranfverfly, I was not fo well fatisfy 'd with the!hape and
1112nner of the pores of the pith; for looking on thefe tranfverfe SeC:tions
with a very good .Micr~(ciJpe, I found that the ends of thofe tranf·
verfe Seaions appear'd much of the manner of the third Figure of the
1 5· Scbtlfle ABC FE, and the middle or pith C C, feem' d very full of
pores indeed, but all ofthem feem'd to run the long-ways.
1 his Figure plainly enough thews in what manner thofe clefts, K and L
divided thewreath'dCylinderintotwounequal p:uts, and alfoofwhat
kind of fubfbnce the whole body conf.tfts; fur by cmting the fame Beard
in many places, with tranfver[e ~elHons, I foUild much the fame appear:mce with this exprefs'd; iO rhat thole JlOres teem to run, as in mofr
other foch Cany bodies, the whole l~ngth of it.
The clefts of this body K K, and LL, ft'em'd (a! is alto exprefs'd in
the Figure) to wind very oddly m the icner part of the wreath; and
in ~me parts of them,. they fef:tn' d ftuffed, as it were, with that Spongie
fub{bnce, which I jufrnow defcrib~d.
This. fo oddly conllitBted Vegetable fi1bthnce, is firlt (that- I have
met with) takennoriceofby :Eaptifl4t ?tJ.rta, in his. Naural Magie-4_, as a.
thing koown to childrem anti Juglers, and it has been call' d by fome of
thof~ lafi named pafons'" the betttr to cover their cheat, the Legg of an
Araltrall spider, O£ the. Legg of an inchanted EgJ1tu'11 F!J, and has been
uft'd by them to make a tlnalllnd¢x, Croii;., or the like, tti move round
UptJI1 the wcttmg of it with a drop tlf W ate~, a11d mutteiillg ctmrio
words.
Bw: the utC that bas been made of it,
tbe disk:ovety of the varions'
conititutions of the Air,. as to tlrincts and m.oirfinefs, is. incomparably
b~yond any ot:hn;. i>r this i11 does. to admiration: The manner of con~
triviog it fo, as to· pcrfmm this grear «ti=fr, is oru:l y thus.:
ProTideagcood Luge Box of,Ivmy, about four Inches. over, and of
what depth you fhall judge CCi>DV«oient (according to your intention
of making ufe of one, t1m,thre~,or ~D~Dre of thefe ftnall Beard!,ordered. in
the manoer which l ilalll!>y and by d:efi:ribe)let aU the! tides ofthi~Box be
tumed ofBaiket·wotk (which hue in Lond'On is c:afily enough procur'd)
full ofholes,in the manner almofr of a Lettie~, the bigger, or more the
holes ar~,the bettttr,that fo the Air may have me mere freepaffuge ro the
iaclofed ieard,and ma.y the mol'¢ eaf1ly pafs through the Infrmment ; it
will b¢ b.ttter yer,though not altog~ther fo hand~m,if infieed of the Bafkct~work 0n. the fules of the Box,rha bottom ana top of the Box be join'd
toictheronely with three or. fouriuali Pillars, aier
manna~ reprc ·
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fented in the 4.Figure of the IS· scheme. Or,if you intend to' make ufeof
many of thefe fmall Beards join'd together, you may have a fmaU long
Cafe of Ivory, whofe fides are turn'd ofBafket-work, full of holes, which
may be fcrew' don to the underfide of a broad Plate of lvory,on the other
fide of which is to be made the divided Ring or Circle, to which divifi·
ons the pointing of the Hand or Ind.ex? which is mo.ved by the conjoin'd
Beard, may lliew all the Minute vartauons of the Air.
There may be multitudes of other ways for contriving this fmall Infiru·
ment, fo as to produce this effeCt, which any one may, according to his
peculiar ufe, and the exigency of his prefentoccafiOn, eafily enough con·
trive and take, on which I {ball not therefore infill. The whole manner of
making any one of them is thus: Having your Box or frame A A B B, fitly
adapted for the free pa!fage of the Air through it,in the midll ofthe bottomB B B, you mu~have a very fm:dl hole ~'into which _rhe lower end of
the Beard is to be fi xd,the upper end ofwhich Beard a b,Is to pafs through
a fmall hole of a Plate, or top A A, if you make ufe onel y of a fingle one,
and on the top ofit e, is to be fix'd a fmall and very light Index f g, made
of a very thin iliver of a Reed or Cane ; but if you make ufe of two or
more Beards, they mull be fix•d and bound together, either with a very
fine piece of Silk, or with a very fmall touch of hard Wax, or Glew,which
is better, and the Index f g, is to be fix'd on the top of the fecond,third,
or fourth in the fame manner as on the lingle one.
Now, becaufe that in every of tbefe contrivances, the Index f g, will
with fome temperatures of Air, move two, three, or more times round,
which without fome other contrivance then this, will be difficult to difiinguilb,therefore I thought of this Exp'e dient : The Index or Handf g, being rais'd a pretty way above the furface of the Plate A A, fix in at a
little difiance from the middle of it a fmall Pin h, fo as almofi to touch
the furface of the Plate A A, and then in any convenient place of the
f\rrface of the Plate,fix a fmall Pin, on which put on a fmall piece ofPaper,
or thin P~fi:board, Vellom, or Parc.hment, ~ade of a co~venient cize,
and lliap d m the manner of that m the F1gure exprefs d by i ~' fo
that having a convenient number of teeth every turn or return of the
Pin h, may move this fmall indeuted Circle, a tooth forward or back·
wards~ by which means the teeth of the Circle, being mark'd, it will be:
thereby very eafie to know certainly, how much variation any change
of weather will make upon the fmall wreath'd body. In the making of
this Secundary Circle of Vellom, or the like, great care is to be had, that
it be made exceeding light, and to move very eafily, for othenvife a Gnall
varia~ion will fpoil the whole operation. The Box may be made ofBrafS
Silver, Iron, or any other fubfiance, if care be taken to make it ope~
enough, to let the Air have a fi1fficiently free accefs to the Beard. The
Index alfo may be various ways contrived, fo as to lliew both the number
ofthe revolutions it makes, and the M inHte divifions of each revolution.
I have made feveral trials and lnfiruments for difcovering the drine/S
and m~ifrure of the Air with this little wreath'd body ,and find it to vary
exceedmg fenfibly with the leafi change in the confiitution of the Air, as
to
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to drinefs and moifl:ure, fo that with one breathing upon it; I have made
it untwill: a whole bout, and the Index or Hand has fhew'd or pointed td

various divifions on the upper Face or Ring of the Infhument, nccording
as it was carried neerer and neerer to the fire, or as:the heat of the Sun
increafed_upon it.
Other trials I have made with Gut.fi:rings,but find them nothing neer
fo fenfible, though they alfo may be fo contriv'd as to exhibit the
changes of the Air, as to drinefs and moifi:ure: both by their firetching
and ilirinkin<Y in length, and alfo by their wreathing and unwrea thing
themfelves;
thefe are nothing neer fo exact or fo tender ,for their varying property will in a little time change very much. But there are feveral other Vegetable fubfi:ances that are much more fenfible then even
this Beard of a wilde Oat; fuch I haVe found the Beard of the feed of
Mufk-grafs, or Geranium mofchatum, and thofe of other kinds of Cranethil feeds, and the like. But always the fmaller the wreathing fubfiance
be, the more fenGble is it of the mutations of the Air, a conjecture at
the reafon of which I {ball by and by add.
The lower end of this wreath' d Cylinder being fi:uck upright in a little
foft Wax, fo that the bended part or Index of it lay horizontal, I have
obferv:d it always: with moifi:ure to unwreath it felf fwm the Eafl: (For
infrance) by the South to theW eH,and fo by the North to the Eafi again,
moving with the Sun (as we commonly fay) and with heat and drouth
to re-twifi, and wreath it felf the contrary way, namely, fro~ the Eafr,
·
(for infrance) by the North to the Well:, and fo onwards.
ihe caufe of all which Ph.enomena, feems to be the differing , t>Xture
of the parts ofthefe bodies) each ofthem ( efpecially the Beard of a wilde
Oat, and of Mtuk-grgfl feed) feeming to have two kind of fubfl:ances,onc:
that is very porous)oofe,and fpongie;into which the watry Hearns of the
Air may be very eaGly forced, which will be thereby fwell' d and extended in its dimenfions. jufr as we may obferve all kind of Vegetable fubfiance upon fieeping in water to fwell and grow bigger and longer. And a
fecond that is more }:tard and clofe,into which the water can very little,or
not at all penetrate~ this therefore retaining always very neer the fame
dimenfions, and the other firetching and ilirinking, according as there
is more or leiS moifiure or water in its pores, by reafon of the make and
lhape of the parts, the whole body mufi: neceffarily unwreath and
wr~ath it felf.
And upob this Principle, it is very eafie to make feveral forts of con•
trivances that fhould thus wreath and unwreath themfelves, either by
heat and cold, or by drinefs and moifi:ure, or by any greater or lefs force,
from whatever caufe it proceed, whether from gravity or weight, or
from wind which is motion of the Air, or from [orne fpringing body;
or the like.
This, had I tim~> I fhould enlarge much more upon; for it feems to me
to be the very firfi footfrep of SenfotiQ11, and Animate motion, the mofi:
plain,fimple,and obvious contrivance that Nature has made ufe of to produce a motion) next to that of R.arefattic;m and Condenfation by heat
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and cold. And were this Principle very well examin'd, I am very apt to
think it would afford us a very great help to find out the Mechanym
of th; Mufcles, which indeed,as farr as I have hitherto been able to examine, feems to me not fo very perplex as one might imagine,~'fecially
upon the examination which I made of the Mufcles of Crabr,Lobjters,and
feveral forts of large Shell-fiih,and comparing my Obfervations on th~m,
with the circzumfiances I obferv'd in the mufcles of terrefirial Animals.
Now, as in this lnfiance of the Beard of a wilde Oat, we fee there i,
nothing elfe requifite.to make it wreath an? unwreath it fel~ and to
fireighten and bend Its knee, then onelr a httle brea~h of mmfi or dry
Air or a fmall atonze almofi of water or hquor, and a bttle heat to make:
it again evaporate; fo.r, by hold!ng.this Bea;d, plnc'd and fix'd as I be·
fore direCted, neer a Ftre, and dtppmg the tlp of a fmall ilired of Paper
in well rectify'd fpirit of ~i~e, and t~en. touching the wreath'd ~Jiin•
dric~tl part,you may perce~v.e tt to untwtfr It felf; a~d p~efently ~ga~nJup
on the ~tvolation of the fpmt, by the great heat, It will re-twtfr tt felf,
and thus will it move forward and backwards as oft as you repeat the
touching it with the fpirit ofWine; fo may, perhaps, the fbrinking and
relaxing of the mufcles be by the influx and evaporation of fome kind
of liquor or juice. But of this Enquiry I fball add more elfewhere.

Obferv. XXV I I I.
Yzo/et.

Ofthe Seeds of Venus look.ing-glafl, or Com

Rom the Leaves, and Downs, and Beards of PlaPlts,we come at lafl to
the Seeds; and here indeed feems to be the Cabinet ofNature,where·
in are laid up its Jewels. The providence ofNature about Vegetables,is in
no part manifefied more, then in the various contrivances about the feed
nor indeed is there in any part of the Vegetable fo curious carvings, and
beautifull adornments, as about the feed ; this in the larger forts of feeds
,is moll: evidect to the eye; nor is it lefs Rlanifefr through the Micri!foi}Je,
in thofe feeds whofe fhape and firufrure, by reafon of their fmalnefS, the
eye is hardly able to difringuifb.
Of thefe there are multitudes, many of which I have obferv·d thr0\1gh
a MicrofcDpe, and find, that they do, for the moll: part, every one afford
exceeding pleafant and beautifull objects. For befidrs thofe that have
various kinds of carv'd furfaces, there are other that have fmooth and
perfectly polifu'd furfaces, others a downy hairy fur face; fome are
cover'd onely with a fkin, others with a kind offbell, others with both)
as is obfervable alfo in greater feeds.
Of thefe feeds I have onely d~fcribed four forts which may ferve as a
8ptci111e11 of what the inquifttive obfervers are likely to find among the ·
rell. The firfi: of thefe feeds which are defcribed in the 17. Sthe.e, are
thofe ofCorn-Violets, the feed is very fmall, black, and OUning,aod,to
the naked eye, looks almofi l~e a very fmall Flea; But through the;

F

Microfc~c

Suhern:xv II.

.i

io

M IcR0

G R A p t-J I A·

Mic ro.fcope, it appears a large body, cover'd with a tough thick and bright
rdidting fkin very irregularly fhrunk and pitted, infomuch that it is al•
mofi: an impoffibility to find two of them wrinkled alike, fo great a Ta
riety may there be even in this little feed.
· , This, though it appear'd one of the mofr promiling feeds for beauty to
the naked eye, yet through the Microfcope it appear' d but a rude milhapen
feed~ which I therefore drew, that I might thereby manifefl: how unable
we are by the naked eye to judge of beauteous or lefs curious microf:opi-"ul ObjeC'cs; cutting fome of them in funder, I obferv'd them to be fill'd
with a greenifh yellow pulp, and to have a very thick huik, in propot-:
tion to the pulp.

Obferv. XX I X. Of the Seeds ofTyme.
Hefe pretty fruits here reprefented) ih the I 8. Scheme, are nothing
elfe,but nine feveral feeds of Tytne; they are all of them in differ..1.
ing pof1ure,both as to the eye ahd the light; nor are they all oftherh ex·
· altly of the fame fbape, there being a great variety both in the bulk and
figure of each feed; but they all agreed in this, that being look'd on with
a Microfcope, they each of them exattly refembled a Lemmon or Orange
dry'd; and this both in fhape and colour. Some of them are a little
rounder, of the lhape of an Orange, as A and B, they have each of
them a very confpicuous part by which they were j9in'd to their little
fialk,and one of them had a little piece of fl:alk remaining on ; the oppofite fide of the feed, you may perceive very plainly by the Figure,is very
copped and prominent, as is very ufual in Lemmons, which pr0minencies
are exprefs' d in D, E and F.
They feem'd each of them a Iittle creas'd or wrinckled, but E was
very confpicuoufly furrow'd, as if the inward make of this feed ha~ been
fomewhat like that of ot Lemmon alfo, but upon dividing feveral feeds
with a very fharp Pen-khife, and examining them afterward, I found
their make to be in nothing but bulk differing from that ofPeas,that is,td
have a pretty thick coat,and all the refi an indifferent white pulp, which
feem' d very clofe ; [o that it feems·Nature does not very much alter her
method in the manner of inclofing and pr~ferving the vital Principle in
thefeed;in thefe very fmall grains, from that of Beans, Peas~ &c. , ,
The Grain affords a very pretty Object for the Microfcope, namely, a
Dilh of Lemmons plac' d in a very little room ; lhould a Lemmon or Nut
be proportionably rnagnit)r'd t(i) what this feed ofTyme is 2it would make
it appear as bigg as a la~ge Hay-re~k;and it would be no great wonder to
fee Homers Iliads, and Homer and all, crartlm'd into fuch a Nut-lhell. We
may perceive even in thefe fmall Grains, as well as in greater, how curl·
ous and carefull Nature is in preferving the feminal principle .of Vegetable bodies, in what delicate, fhong and ~oft convenient Cabinets fhe
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lays them and clofes them in a pulp for their fa fer proteCtion from outward dangers, and for the fupply of convenient alimental juice, when
the heat of the Sun begins to animate and ·move thefe little a11tomatCJ1ts
or Engines; as iffhe would,from the ornaments wherewith fhe has deckt
thefe Cabinets, hint to us, that in them fbe has laid up her Jewels
and Mafter-pieces. And this, if we are but diligent in obferving, we
fhall find her method throughout. There is no curiofity in the Elemental
kingdom, ifl may fo call the bodies of Air, Water, Earth, that are comparable in form to thofe of Minerals; Air and Water having oo form at
all, unlefs a potentiality to be form' d into Globules; and the clods and
parcels of Earth are all irregular, whereas in Minerals fhe does begin to
Geometrize, and prac1ife, as 'twere, the firfi: principles of Mechanic'<!,
fhaping them of plain regular figures, as triangles, fquares, &c. and tetraedron.r, cubes, &c. But none of their forms are comparable to the
more compounded ones of Vegetables; For here fhe goes a fiep further,
forming them both of more complicated fhapes, and adding alfo multitudes of curious Mechanick contrivances in their firutl:ure;for whereas in
Vegetables there was no determinate number of the leaves or branches,
nor no exatl:ly certain figure of leaves, or flowers, or feeds, in Animals all
thofe things are exaetly defin'd and determin' d; and where-ever there
is either an excefs or defect of thofe determinate parts or limbs,there has ·
heen fome impediment that has fpoil'd the principle which was moft re·
gular: Here we fhall find, not on ely mofr curioufly compounded iliapes,
but moll: fiupendious Mechaoifms and contrivances, here the ornaments
are in the bigheft perfection, nothing in all the Vegetable kingdom that
is comparable to the deckings of a Peacock ; nay ,to the cnriofity of any
feather, as I elfewhere iliew; nor to that of the finallefr and moll: defpi·
cable Fly. But I mufr not fiay on thefe tpeculacions, though perhaps it
were very well worth while: for one that had leifure,to fee what Information may be learn'd ofthe nature,or ufe,or virtues ofbodies,by their f~e
:ral forms and various excellencies and properties. Who knows but .Ada11t
tnight from fome fuch contemplation, give names to all creatures? If at
Jeafi his names had any fignificancy in them of the creature's nature on
which he impos'd it; as many (upon what grounds I know not) have
fuppos' d : And who knows:~but the Creator may ,in thofe charaCters,havc
written and engraven many of his moft myfierious defigns and counfels:,
and given man a capacity, which, affified with diligence and indufiry,
may be able to read and underfiand them. But not to multiply my d~
greffionmore then I can the time, I will procead to the next,. which is,

-Obferv. XXX. Oftht SetJs ofPoppy.
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other microfcopical feeds of Vegetables: For firfi, though they gi:o\v in a
Cafe or Hive oftentimes bigger then one of thefe Pictures of the 'lhicrufcopical appearance, yet. are theyf<;sr th~ moil: part fo very little, that they
exceed not the bulK of a (mall Nttt,b~tng not abdv~ 'h. part of an Inch in
Diameter, whereas the Diam,e ter of the Hive of them oftentimes exceeds
two Inches,fo that it is capable of containing neer tWo hundted thoufartd .
and fo in all likelihood does contain n vafr quantity~ though perhaps not
that number. Ne:xt, for their prettinefs, they tnoJ' be comp2t'd to atiy
microfcopical feed I have yet feen; for they are of a dark brownilh red
colour, curioufly Honey-comb'd all over with a very pretty variety C1f
Net-w0rk, or a frna11 kind of irnbofment, of very otderly rais'd ridges
the furface of them looking nor unlike the infide of a Beev's fiomack. Bu:
that which makes it moll: tonfiderable of aJJ, is, the medicinal virtues of
it) which arefuch as are not afforded us by any Mineral preparation; and
that is for the pro~uring of fleep, a thi~g as necefi~ry to the Well-being
of a cre.ature as lu~ meat,_ and t~a,t wh.tch ref~eilies bot~ the voltlntary
and rancnal f.1cult1es, wbtch, whtl ft. thts affechon has feis d the body,are
for the mofr part unmov'd, and at rdt. And, methinks, Nature does
feem to hint fome very notable virtue or excellency in this Plant from the
curiofity it has befiow'd upon it. Firfi, in its flower, it is of the higheft
ftarlet-Dye, which is indeed the prime and chiefefi colour, and has beett
in aU Ages of the world moa highly efterrn'd: Next, it has as much cu..
rioftty thew' d alfo in the hulk or cafe of' the feed, a! any one Plant fhave
yet met wit hall ; and third] y, the very feeds themfelves, the .i'tiitro.foope
difcovers to be very curioofly iliap"d bodies; and lafily, Nature has
taken fuch abundant care for the propagation of it, that one tingle feed
grown into a Plant, is capable of,bringing fome hnndred thoufands of
feeds.
It were very worthy fome able man s enquiry whethet the intetition of
Nature: as ta the fecundary end of Animal and Vegetable fubfiances·
might not be fonnd out by fome fuch charalters and nota hie impteffions:.rs thefe, or from divers other drcumfiances, as the figure, corour, place,
time of ftourifhing, fpringing and fading, duration, tafte, frttdl, &c. For
if fuch there are (as an able Phyjician upon good grounds' has given me
caufe to believe) we might then; infieed of fiudying Herbals (where (o·
littl~ is deliver·d of the virtues . of a Plant, and Ids of truth) have r~
~ourfe to the Book of Nature it felf, and there find the moll: natural,
ufefuU, and moil: dfefu.Ial and fpecificm Mtdicines, of which we hav_e
amongfi Vegetables, two very noble Infiances to incourage (uch a hope,
the one of the Jrfoite powder for the cure of i~tlerlliit#hg Feav#s~and the
other of the juice of Poppy for the curing the defect of fleeping. . • .
7
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Obferv. XXXI. Of Purflane-feed .
of Purjlan~ feem of very. notable fh~pes, ap~aring through
T HetheSeeds
Microfcepe fha p d fomewhat like a nautzlus or Porcelane fhell, as

"

may be feen in the _XX. Scheme3 it being a fmall body~ coyI'd round in
the manner of a Spiral'; at the greater end whereof, which reprefents the
mouth or orifice of the Shell, there is left a little white tranfpatent Cubfrance, like a fkin, reprefented by BBBB, which feems to have been the
place whereunto the frem was join'd. The whole furface of this C~c/ca
or Shell, is cover'd over with abundance of little prominencies or buttons
very orderly rang'd into Spiralrows, the fhape of each of whichfeem'd
much to refemble a Wart upon a mans hand. The order, variety, and
curiofity in the fbape of this little feed, makes it a very pleafant object
for the Microfcope, one of them being cut afunder with a very fharp Pen..
knife, difcover'd this carved Cafket to be of a brownifh red, aDd femewhat tranfpare~t fubfi:ance, and manifefi:ed the infide to be fill' d with a
whitifh green (ubfi:ance or pulp, the Bed wherein the feminal principle
lies invelop'd. :
·
.
There are multitudes of other feeds which in fbape reprefent or imitate the fonfis of divers other forts of Shells: as the feed of ScurvJ-.
gra}; very much refembles the make of a Confha Venerea,a kind ofPurcelane Shell ; others reprefent feveral forts of larger fruits, fweat Marje•
Iome and Pot-marjerome reprefent Olives. Carret feeds are like a cleft
of a Coco-Nut Hufk ; others are like Artificial things, as Succory feeds
are like a Qyiver full of Arrows, the feeds of .Amaranthus are of an exceeding lovely fhape, fomewhat like an Eye: The fkin of the black and
fhrivled feeds ofOnyons and Leeks,are all over knobbed like a Seals fkin.
Sorrel has a pretty black tbining three-fquare feed, which is picked at both
ends with three ridges, that are bent the whole length of it. It were almofr endlefs to reckon up the feveral fhapes,they are fo many and fo vario us; Leaving them therefore to the curious ubferver, I iball proceed to
thc:Obfervations on the parts of Animals.

Obferv. XXX I I. •Ofthe Figure offeveralforts
the. textllre of the !Kin.

V

of Hair, and of

Iewing fome of the Hairs of my Head with a very good MicrDJCope,
I took notice of thefe particulars:
1. That they were, for the mofr part, CJiinJrical, fome of them were ,
fomewhat Pri{matical,but generally they were veryneer round fuch as are
reprefented in the fecond Figure of the s.schtm1,by the CJlinder.t E E E.
nor could I find any that had fharp an~les.
2. That
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~. That that put which was n~xt the top, was bigger thed that Whith
was neerer the root.
·
3· Th.tt they were all along from end to end franfparent, thougH nbi:
very deer, the end next tlile root appearing like a black trantpareht piete
ofHorn, the end next the top more brown, fomtwhat like tranfparent
·
Hom.
4- T~at the root of the Hairs were pretty_ fmooth, tapering inward~,
nlmofr hke a Parfneb; nor could I find that It had any filaments; or any
other vefie!s, fuch as the fibres of Plants.
5· That the top when fplit (which is common in long Hair) appea~'d
like th~ end of a frick, b_eaten till it be all flitter' d, there being not on ely
two fphnters, but fomettmes half a feore and more~
·
. 6. That they were all, as fatr as I was able to fiud, folid cylindrical
bodies, not pervious, like a Cane or Bulrufh; nor could I find that they
had any Pith, or difiinetion of Rind , or the like, fuch as I had obferv'd irt
Horfe-hairs,. the Brifiles of a Cat, the Indian Deer's Hair, &c.

Ob(ervations on feveial other forts cfHair~
For the Bri£les of a Hogg, I found them to be firfr a hard trahfparent
horny fubfiance, without the leafi appearance of pores or holes in it:, and
this I try'd with the greatefr care I was able, cutting many of them with~
very fharp Razor, fo that they appear'd, even in the Glafs, to have a pret.;.
ty finooth furface, but fomewhat waved by the fa~ing to and fro of the
Razor, as is vilible in the end of the Prifmatka/ body A of the fame
Figure; and then tnaking trials With cnuftng the light to be caft on them'
all the various ways I could think of, that was likely to make the pores
appear, if there had been any, I was not able to difcover any.
. .
Next, the Figure of the Brifles was very various, neither perfetl:ly
round, nor fharp edg'd, but PrifoJiltical, with divers fides, and round
angles, as appears in the Figure A. The bending of thein in any part
where they before appear'd deer; would all flaw them, ahd make them
look white.
·
The.Mufiacheos ofa Cat (part of one of which is i'eprefented by the
fhort CJlinder B of the fame Figure) feem' d to have, all of them that I ob.;...
ferv·d,a large pith in the middle, like the pith of an Elder, whofe textute
was fo clofe, that I was not able to difcover the leafi fign of pates; and
thofe parts which feem to be pores,as they appear'd in onepofition to the
light, in another I could find a manifefi: reflecriom to be cafr from them. ·
This I infiance in,to hint that it is not fafe to conclude a:ny thing to be'
pofitively this or that, though it appear never fo plain and likely when
look"d on with a Microftope in one pofrure, before the fame be examin'd
by placing it in feveral other pofnions.
And this I take to be thereafon why many have believed and alferted•
the Hairs of a man's head to be hollow, and like fo many fmall pipes perforated from end to end.
·
··
Now, though I grant that by an Ana/.ogie one 111ay fuppofe thenffo,
and
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and from the PoltJnian difeafe one may believe them fuch, yet I think we
have not the leafi encouragement to either from the Mtcrofcope, much Ids
po6tively to affert them fuch. And perhaps the very effence of the P/ic~t
Fol6ttica may be the hairs growing hollow, and of an unnatural confiitution.
And as for the .Analogie, though I am apt enough to think that the hairs
of feveral Animals may be perforated fomewhat like a Cane, or at Ieafl:
have a kind of pith in them,firfi, becaufe they feem as' twere a kind ofVegetable growing on an Animal, which growing,they fay, remains a long
while after the Animal is dead, and therefore fbould like other Vegetables have a pith ; and fecondly, becaufe Horns and Feathers~ and Porcupine's Q!:tils, and Cats Briiles, and the long hairs ofHorfes,which come
very neer the nature ofa mans hair,feem all ofthem to have a kind ofpith,
and fome of them to be porous,yet I think it not (in thefe cafes, where we
have fuch helps for the fenfe as the .il1icrofcope affords) fafe concluding
or building on more then we fenfibly know, fiuce we may,with examining, find that Nature does in the make of the fame kind of fubfiance,
often vary her method in framing of it : Infrances enough to confirm this
we may find in the Horns of feveral creatures: as what a vafi difference
is there between the Horns of an Oxe, and thofe of fome forts of Staggs
as to their fhape ? and even in the hairs of feveral creatures, we find a
vafi difference; as the hair of a man's head feems, as I faid before, long,
~Jiindrical and fometime a little Prifmatical, folid or impervious, and
very fmall; the hair of an Indian Deer (a part of the middle of which is
defcribed in the third Figure of the fifth scheme, marked with F) is bigger in compafS through all the middle ofit,then the Brifle of an Hogg,but
the end of it is fmaller then the hair of any kind of Animal (as may be
feen by the Figure G) the whole belly of it, which is about two or three
Inches long, looks to the eye like a thread of courfe Canvafs, that has
been newly unwreath'd, it being all wav'd or bended to and fro, much
after that manner, but through the .lltticrofcopt, it appears all perforated
from fide to fide,and Spongie, like a fmall kind of fpongy Cora]~ which i5
often found upon the Englifh fhores; but though I cut it tranfverfly, I
could not perceive that it had any pores that ran the long-way of the
hair: the long hairsofHorfes CC and D, feemCJlindricaland fomewhat
pithy 3 the Briflesof a Cat B, are conical aod pithy: the Q!lils ofPor·
c:upines and Hedgboggs, being cut tranfverfly, have a whitifb pith, in the
manner of a Starr,or Spur-rowel : Piggs·hair (A) is fomewhat trittgQtJ~
and feems to have neithe~ pith nor pore : And other kinds of hair have
quite a differing frrueture and form. And therefore I think it no way
Olgreeabl~ to a t.t:u~ natural Hifrorian, to pretend to be fo fbarp-fJghted,
as to fee what a pre-con.<;eiv~d Hjpothejr tells them fhould be there~where
another man, though perhaps as feeing, but not forefrall'd, can difco~r
nofuch matter. ,
But to proceed~ I obfe.rv'd fcveral kind of hairs that had been Dyed,
and found them to be a kind of horny CJlinder, being of much about the
tranfparcncy of a pretty' clec.r pieccofOxe horn; thefe app~r'd quire
through-
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through?l.t.ti!lg'd wi~h the coJ?u~~ they e~hibited. ;An,d '~!s 1ikdy,that
thofe hatrs bemg boy 1d or fieep d m thofe ve!Y hot tmg d liquors in the
Dye-fut, And the fub~~nce ?f the ?air ~ein~ much like that of an Oxes
Horn, the penetrant liquor does fo far molltfie and foften the fubfiance;
that ic finks into the very center ofit,and fo i:he ting'd parts come to b~
mix'd and united With the very body of the hair,and do nor (as fome havt!
though~) only flick on upon the outward furfate. And this, the boiling of
Horn wtll make more probable; for we fhall hnd by that at!: ion, that the
water will iniinuate it felf to a pretty depth within the furGce of it
efpecially ifthis penetr:mcy of the water be much helped bjr the Said
that are ufually mix'd with the Dying liquors. Now: whereas Silk rnnv
be dyed orting' d into all kind of colours without boiling or dipping iti'
ro hot liquors).{ ghefs the reafon to be two.:. fold: Firfi, becaufe the hlumems,or fmall cylinders ofSilk, are abundantly fmaller and finer, and fo
have a much leis depth to be penetrated theb mofi kind ofhairs; and
next, bec::mfe the fubfiance or matter of Silk, is much mor(t like a Glew
then rhe fubftance of Hair is. And that I have reafon to fuppofe t
Fitfi, bec~ufe when it jg fpun or drawn out ofthe Worm, it is a perfetl:
glutinous fubfiance) an~ very eafi1y fiicks an.d ~leaves to any adj.acelilt
body, as I have feveral umes obferved, both tn S1lk·wortns and Sp1ders.
Next, becaufe that I find that water does eafily difiolve and mollifie the
fubfiance again, which is evicrent from their manner of ordering thofe
bottoms or pods of the Silk·worm before they :ue able to unwind them. It
is no great wonder therefore,if thofeDyes orting' d lif}uors do very quickiy rnoHifie and tinge the furfaces of tO fm~ll and fo glutinous a body.
And we need not wonder that the colours appear fo lovely in the one~
and fo dull in the other, if we view but the ting'd cylinders of both
kinds with a good Mitrofcope; for where as the fubftance of Hair ;at befl,is
but a dirty dufkifh white fomcwhat tranfpaTent; the filaments of Silk have
a mofi lovely tranfparency and cletrneiS, the difference between thofe
two being not much lefs then that between a piece ofHorn, and a piece
of Cryftal; t~ one yielding a bright and vivid reflelfion from the concave flde of the cylindrr, that is, fi·omtheccm.;:ave furface of the Air
thatineompaflesthe back-part of the cylinder; the otheJ yielding a dull
-and {'ttturb'd .ref!ttlion fi·o~ t~ fev~r~l Helerogenecul part~ that compofe It. And this ditfftence will be mamfdh~oough to the eye tf you get a:
couple of fmall C1Iinden, the fnnllet ofCr}'fial Glafs,.the other of Horn,
and then varnifhing them over very thinly with [()J]Je tranfparent co low,
which will r~prefent ro the naked eye much the f.uoo ki11d of ob jeCi: which
isreprekntcd ro it fr()m the filaments of Silk and Hair by the help of th~
A1icroflope. Now j fince the threadg of Silk. and S;;rge are made up of a
great number of the1e filaments; we may henteforth ceafe to wonder at
the difference. Fr0n1 much the tame reafQD ptoceods the vivid tmd love•
ly colours ofFeatheF!, wherein theyvety farr,e:fceed th(r natural as well
:a' Artificia.J colouis ofhair;of which I fuall Jay mare in it5 pr6per place.
The Teguments indeed of creatures are aU of them ada<ptca to ohe rr~
nliar ll~ and cotWtmence of that Animal whkh they in wrap; and very
·
much
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much alfo for the ornament and beauty of it, as will be mofl: evident td ·
any one that fhall attentively confider the various kind~ of cloathings
wherewith mofl: creatures are by Nature iavefl:ed and cover'd. Thus I
have obferved, that the hair or furr of thofe Northern wh1te Bears that
inhabite the colder Regions, is exceeding thick and warm : the like have
I obferv'd ·of the hair of a Greenland Deer, which being brought alive to
London,l h d the opportunity of viewing ; its hair was fo exceeding thick,
long and foft, that I could hardly with my hand, grafp or take hold of
his fkin, and itfeem'd fo exceeding warm, as I had never met with any
before. And as for the ornamentative ufe of them, it is mofl: evident in a
multitude of creatures,not onely for colour, as the Leopards, Cats,Rhein
Deer, &c. but for the fhape, as in Horfes manes, Cats beards,and feveral
other ofthe greater fort of terrefl:rial Animals, but is much more confpi•
cuous, in the Vefl:ments of Fillies, Birds, lnfefrs, of which I (hall by and
by give fome Infrances.
As for the fk.in, the Microfcope difcovers as great a difference between
the texture of thofe feveral kinds of Animals, as it does between their
hairs; but all that I have yet taken notice of: when rann'd or drds'd, are
of a Spongie nature, and feem to be confl:ituted of an infinite company
offmall longfibres or hairs, which look not unlike a heap ofTow or
Okum ; every of which fibres feem to have been fome part of a Mufde,
and probably, whil'fr:the Animal was alive, might have its diflin8: funfii ..
on, and ferve for the contraction and relaxation of the fkin, and for the
firetching and fur inking of it this or that way.
And indeed., without fuch a kind of texture as this, which is very like
that of spunft, it would feem very frrange, how any body fo frrong as the
1kin ofan Animal ufually is, and fo clofe as it feems, whil'fi the Animal is
living, fhould be able to fuffer fo great_ an extenfion any ways, without at
all hurting or dilacerating any part of it. But,fince we are inform'd by the
Micro.fcopc, that it confifrs of a great many fmall filaments, which are im·
pli.ca~ed, or intangled one within an~ther, almofi: no otherwife then the
hairs In a lock ofWoo'l, or the flakesm a heap ofTow, though not altogether fo loofe ; but the filaments are here and there twified,as twere,or
interwoven~and here and tlxre they join and unite with one another,fo as
indeed the whole fkin feems to be but one piece,we need not much wonder:And though thefe fibres appear not through aMicro.fcope,exa8:ly joint·
ed and contex'd,as in Sponge; yet,as I formerly 1-linted, I am apt to think,
that could we find fome way of difcovering the texture ofit, whil'fi it invefrs the living Animal,or had fome very eafie way of feparating the pulp
or intercurrent juices, fuch as in all probability fill thofe Intetjiitia, without dilacer;tting, brufing, or otherwife fpoiling the texture of it (as it
feems to be very much by the ways oftanning and dreffing now us'd) we
might difcover a much more curious texture then I have hitherto been
able to find; perhaps,fomewhat like that ofSponges.
That of chamoife Leather is indeed very much like that of sptmft, fave
onely that the filaments feem nothing neer fo even and round, nor alto·
gether fo fmall) nor has it fo curious joiau ai sp11nft hai, fome of which I
have
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have lately difcover'd like thofe of a Sponge, and perhaps all thtfe thiee
bodies may be of the fame kind offubfiance, though two ofthem indeed
are commonly aecounted Vegetable (which, whether they be fo or
po, I thall not now difpute) But this 1eems common to all three~ that
they undergo a tanning or d rdliug, whereby the interfpers' d juices are
walled and wath'd away before the texture of them can be dif~over'd.
What their way is of dreffing, or curing Sponges, I corrfefs, I cannot
Jearn; but the way of dreHing sp11nk._, is, by boiling it a good while in a
firong Lixivium, and then beating it very well ; and the manner of dreffing Leather is fufficient1y known.
_
It were indeed extremely defirable, if fuch a way could be found
w4ereby the Parenchyma or tl~fh of the Muf<¥es, anq :(everal oth,er
pans of the bod,ynright be wafb'd, or wafted clean away,without vitiating the form of thefibroll:f parts or veflells of it, for hereby the texture
of th fe parts, by the help of a good Microji:ope, might be mofr accurately found.
But to digrefs no further, we may, from this difcovery of the .lv.ficrofi:ope, plainly enough underfiand how the fkin, though it looks fo clofe
as it does, comes to give a paDage to fo vafr a quantity of excrementitiotH
fubfiances, as the diligent S;~ul!orim has excellently obferved it to do, in
his medicina flatica ; for it feems very probable, from the texture after
dreffing,that there are an infinit of pores thut every way pierce it,and that
thofe pores are onely fill'd with fome kind of juice, or fame very pulpy
foft fubftance, and thereby the fieams may almofi as eafily find a paffage
through fuch a fluid vehicle as the vaporous bubbles which are generated
at the bottom of a Kettle of hot water do find a pafTage through that
fluid medi11m into the ambient Air.
Nor is the fkin ofanimals only thus pervious,but even thofe of vegetables
alfo feem to be the fame;for other wife I cannot concdve why ,if two fprigs
of Rofemary (for Infiance) be taken as exatl::ly alike in all particulars as
can be, and the one be fet with the bottom in a Glafs of water, 11nd the
other be fet jufi: without the GlaG,but in the Air onely, though you Hop
the lower end of that in the Air very carefully with Wax, yet £hall it
prefently almofi wither, whereas the otherthat feems to have a fupply
from the fubjacent water by its fmall pipes, or flticrofcopica! pores, pre..
ferves its greennefs for many days, and fometimes weeks.
Now, this to me, feems not likely to proceed from any other caufe then
the avolation of the juice th{ough the fkin; for by the Wax,all thofe other
pores:ofthe frem are very firmly and clofely fiop'd up. And from the more
or lefs poroufnefs of the fkins or rinds of Vegetables may, perhaps, be
fomewhat of the reafon given, why they keep longer green, or fooner wither; for we may obferve by the bladdering and craking ofthe leaves of
Bays,Holly, Laurel, &c. that their fkins are very clofe, and do not fuffer
fo free a paffage through them of the included juices.
But of this, and of the Experiment of the Rofema~y, I fhall elfe~here
more fully confider,it feeming to me an extreme luciferous E:x:penment,
fuch as feems indeed very plainly to prove the schematifm or.. firulture
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of Vegetables altogether mechanical, and as neceffary, that (water and
warmth being apply' d to the bottom of the fprig of a Plant) fome of it
fhould be carried upwards into the frem, and thence difrributed into the
leaves, as that the water of the Thames covering the bottom of the Mills
at the Bridge foot of London, and by the ebbing and flowing of it, p.af..
fling Ll:rongly by them, fhould have fome part of it .convey'd to the
Cdl:erns above,and thence into feveral hou[es and C~frerns up and down
the City.
•

Obferv. XXXI I I. Of the Scales of a Soal, and other Fijhes.
Aving hinted fomewhat of the ikin and covering of terrefirial Ani~
mals, I fhall next add an Obfervation I made on the fkin and Scales
of a Soal, a fmall Fiili, commonly enough known; and here in Fillies, as
well as other Animals, Nature follows its ufual method, fi·aming all parts
fo, as that they are both ufefull and ornamental in all its compofures,
mingling Jttile and dulce together ; and both thefe defigns it feems to
follow ,though our unaffifred fenfes are not able to peceive them : This is
not on ely rnanifefi in the covering of this Fifh only, but in multitudes of
others,which it would be too long to enumerate,witne!S particularly that
finall Sand Shell, which I mention'd in the X I. Obfervation, and infinite
other fmall Shells and Scales, divers ofwhich I have view' d. This fkin I
view'd, was fie ad from a pretty large 8ulll, and then expanded and dry' d,
the infide of it, when dry, to the naked eye, look' d v.ery like a piece of
Canvafs,but the Micro (cope difcover'd that texture to be nothing elfe,but
the inner ends of tho(e curious Scolop'd Scales I, I, I, in the fecond F ig11re
of the X X I. Scheme, namely, the part of G G G G (of the larger repre•
[entation of a fingle Scale, in the firfi Figure of the fame Scheme) which
on the back fide, through an ordinary fingle Magnifying Glafs, look'd
not unlike the Tyles on an houfe.
The outfide of it, to the naked eye, exhibited nothing more of ornament, fave the ufual order of ranging"the Scales into a triagmrttl form)
onely the edges feem'd a little to fhine, the finger being rubb'd from the
tail-wards towards the head, the Scales feem'd to fiay and raze it; Bnt
through an ordinaly Magnifying glafs, it exhibited a mofr curioufly
carved and adorned furface, fuch as is vifible in the fecond Figure, each
of thofe (formerly almoll: imperceptible) Scales appearing much of the
fbape I, I, I, that is, they were round, and protuberant, and fomewhat
fbap'd like a Scolop, the whole Scale being creas'd with curioufly wav'd
and indented ridges,with proportionable furrows between;each ofwhich
was terminated with a very fharp tranfparent bony fubfiance, which, like
fo.many frnall Turnpikes, feem'd to arm the edges.
The back part KKK was the fkin into which each of thefe Scale~
were very deeply fi:>(d~ in the curiouuegular order, vifible in the fecond
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Figure. The length and fbape of the part of the Scale whieh was buried
by the fkin,is evidenced by the firfl: Fig~tre; which is the reprefentation of
one of them pJuck'd out ?nd _vi~w' d~:. through a good Microfcope, namely~
the par~ L F G G F L, w herem ls a Ho more. plainly to be feen,th~ manner
of carvmg ~fthe fcclopt part of every particular Scale,how each ridge or
barrE E E Is al~ernately hollow~d or engraven, and how every gutter

between them Is termmated With very traofparent and hard pointed
fpikes, and how every other of thefe, as A A A A, are much longer then
the interjacent ones, 0 D D.
The texture or form alfo of the hidden part afpears, namely the
mid~le p~rt, G G, feems to confifi of a great nuO?ber of fmall ·quills
or pipes) by whtch, perhaps, the whole may be nounfbed; and the fide
parts F F confifi of a more fibrous texture, though indeed the whole
Scale feem' d to be of a very tough griily fubfiance,Iike the larger Scales
of other Fifhes.
The Scales of the fkin of a Dog-fifh (which is~s'd by fuchas workin
Wood ;for the fmoothing of their work)and confifl:s plainly enough to the
naked ~ye~of a great num~etoffm.all ?orny points)through the Microfc~pe
appear d each of them cunoufly ndg d, and vety neatly carved; and Indeed, you can hard! y look on the fcales of any Fifh, but you may difcover
abundance of curiofity and beautifying; and not only in thefe Fifhes,but in
the iliells and crufis or armour of mofi: forts of Marine Animals fo invefi:ed.

9

Obterv. XX X1 V. Of the Sting of a Bee.
fecon~

of Bee, delineated in the
Figure of the XVI.schemt;
T He"Sting
feems to be a weapon of offence, and Is as great an Infiance, that
a
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.14-4 J d..-. ,.£ 1

Nature did realy intend revenge as any, and that firfi, becaule there
feems to be no other ufe of it. Secondly, by reafon of its admirable fhape,
feeming to be purpofely fhap'd for that very end. Thirdly,fi·om the virulency of the liquor it eje~s, and the fad effeCts and fymptoms that follow it.
But whatever be the ufe of it, certain it is,that the firueture of it is very
admirable; what it appears to the naked eye, I need not defcribe, the
thing being known almofi: to every one,but it appears through the Micro[c11pe, to confifi of two parts, the one~ £heath, ~it~out a ch3pe or t?p,.
fhap'd almofi like the Holfter of a Plfiol, begmnmg at d, and endmg
at b this fheath I could mofr plainly perceive to be hollow, and to contain in it both a Sword or Dart, and the poifonous liqnor that caufes the
pain. The fheath or cafe fee~·d to have,feveral joints or fettings tog~ther,
marked byf g h i /zlnt n "' 1t was arm d moreover neer the top, With feveral crooks or forks ( p q rf t) on one fide, and ( p q r f t u) on the other,
each of which feem'd like fo many Thorns growing on a briar, or rather
likefo many Cat's Claws; for the croo~s themfelv~s feem'd to be .little
iliarp tranfparent points or claws~ growmg out of httle prottlberanctes.on
Z2
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the fide of the fheath, which, by obferving the Figure diligently, is eafie
enough to be perceiv' d ; and from feveral particulars, I fuppofe the Animal has a power of difplaying them, and fbutting them in again as it
pleafes, as a Cat does its claws, or as an Adder or Viper can its teeth
or fangs.
The other part of the Sting was the Sword, as l may fo call it, which
is fueath' d, as it were,in it; the top of which a b appears quite through at
the fmaller end, jufr as if the chape of the fbeath of a Sword were loft,
and the end of it appear'd beyond the Scabbard; the end of this Dart(If)
was very fharp, and it was arm'd likewife with the like Tenterhooks or
clawswiththofeofthefheath, fuchas ( VXJ, xy :z.:z.) thefecrooks,lam
very apt to think, can be dos'd up alfo, or laid flat to the fides ofthe
Sword when it is drawn into the Scabbard,as I have feveral times obferv'd
it to be, and can be fpred again or extended when ever the Animal
pleafes.
The confideration ofwhich'v.ery pretty firufrure,has hinted to me,that
certainly the ufeof thefeclaws feems to be veryconfiderable, as tothe
main end of this Infimment, for the drawing in, and holding the tling in
the ~efh; for the point being very fharp, the top of the Sting or Dagger
(a b) is very eafily thrufl into an Animal's body,which being once entreq,
the Bee, by endeavouring to pull it into the ilieath, draws (by reafon of
the crooks ( v x J) and ( x J z :z. ) which lay hold of the fkin on either
fide) the top of the fbeath ( t f r v) into the fkin after it, and the crooks
t, s~ and r, v, being entred, when the Bee endeavours to thrufr out the
top of the ll:ing out of the fheath agaip, they lay hold oft he ikin on either fide, and fo not on~ly ke~r the fheath from fliding back, but he1 ps
the top inwards, and thus, by an alternate and fuccefiive retrafring and
emitting of the Sting in and out of the !heath, the little enraged creature
by degrees makes his revengfull weapon pierce the toughefr and thickefi:
Hides of his enemies, in fo much that fume few of thefe frout and refo,.
lute foldiers with thefe little engine~, do often put to flight a huge rna fry
Bear, one of their deadly enemies, and thereby fhew the world how
much more confiderable in Warr a few fkilfull Engineers and refolute
foldier~ politickly ord~r· d, that- know how to manage fuch engines, are,
then a vaft unweildy rude force, that confides in, _and acts ondy by, its
firength. But (to proceed) that he thus gets in his Sting into the lkin,
I conjecture, becaufe, when I have obferv'd this creature living, I have
found it to move the Sting thus, to and fro, and thereby alfo, perhaps,
does, as 'twere, pump or force out the poifonous liquor, and make it .
hang at the end of the fheath about b in a drop. The crooks, I fuppofe
alto to be the caufe why thefe angry creatures, hafiily removing themfelves from their revenge, do often leave thefe weapons behind them,
fheath'd, as 'twere, in the fiefh, and, by that means, caufe the painfull
fymptom.s to be greater,CJ.nd more lafrmg,which are very probably caus'd,
partly by the piercing and tearing of the fkin by the Stm_g, but chiefly
by the corrolive and poifonous liquor that is by this Syrmge-pipe eonvey'd among the fenfitive parts then;Qf and thereby more eahly gnaws
~pd
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and corrodes thofe tender fibres: As I have thewed in the deftription
pf a Nettle aud of Cowhage.

Obferv. X XX V. Of tpe contexture arid Jhape of the particks
Feathers.

oj

Xamining feveral forts of Feathers, I took notice of thefe particulars
in all forts of wing-Feathers, efpecially in thofe which ferv'd for the
beating of the air in the aCtion of flying.
That the outward furface of the Qyill and Stetn was ofa very hard ili.tr
and horny fubfiance, which is obvious enough, and that the part abov~
the ~ill was fill' d with a very white and light pith, and, with the Microftope, I found this pith to be nothing elfe, but a kind of natural congeries
of fmall bubbles)the films ofwhich feem to be of the fame fubfiance with
thu of the Qyill, that is, of a fiiff tranfparent horny fubfrance.
Which particular feems to me, very worthy a more ferious coniideration;
For here we may obferve Nature,as 'twere,put to its !hifts, to make a fubfumce, which !ball be both light enough,and very fiiffand firong ,without
varying from its own efl:abli!h'd principles, which we may obferve to be
fuch, that very firong bodies are for the mofi part very heavic= aJfo, a
frrength of the parts ufually requiring a denfity, and a denfity a gravity;
and therefore fbould Nature have made a body fo broad and fo ltrong as
a Feather) almofi, any other way then what it has taken, the gravity ofit
mufr neceG~uily have many times exceeded this ;for this pith feems to be
like fo many fiops or croG pieces in a long optical tube, which do very
much contribute to the frrength of the whole, the pores of which were
fuch, as that they feem'd not to have any communication with one ano- .
ther, as I have elfewhere hinted.
But the Mechanifm of Nature is ufUally fo excellent, that one and the
fame fubfrance is adapted to ferve for many ends. For the chief ufe of
this, indeed, feems to be for the fupply of nourifhment to the downy or
feathery part ofthe fiem ; for 'tis obvious enough in all forts ofFeathers,
that 'tis plac'd jufr under the roots of the branches that grow out of either fide of the quill or Halk, and is exactly ibap'd according to the ranking of thofe branches, coming no lower into the quill, then jufi the beginning of the downy branches) and growing onel y on the under fide of
ofthe quill where thofe branches do fo. Now, in a ripe Feather (as one
may call it . it feems difficult to conceive how rhe Succm nutritilu fuould
beconvey'd to this pith; for it cannot, I think, be well imagin'dto pafs
through the fubfrance of the quill, Lince, having examin'd it with the
greatefi diligence I was able, I could not find the leafi appearance of
pores; but he that fhall well examine an unripe or pion' d Feather, will
plainly enough perceive the Veifel for the conveyance of it to be t~e thin
filmy pith (as tis call'd) which paifes through the middle of the qmll.
As for the make and contexture of the Down it felf, it ii indeed very
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rare and admirable, and fuch as I can hardly believe,that the like is to be
difcover'd in any other body in the world; for there is hardly a large
Feather in the wing of a Bird)but contains neer a million of difiincr parts,
and every one of them ilia p'd in a mofl: regular & admirable form,adapted to a particular Defign :For examining a middle ciz'd Goofe-quill, I ·
cafily enough found with my naked eye,that the main frem ofit contain'd
about 300. longer and more Downy br::mchings upon one fide, ~nd as
many on the other of more friff but fomewhat fhorter branchings. Many
of thefe long and downy branchings, examining with an ordinary Microfcope, I found diver~ of them to contain neer 1200. fmallleaves (as I
may call them, fuch as E F of the firfr Figure of the 23. scheme) and as
many fialks ; on the other fide, fuch as I K of the fame Figure, each of
the leaves or branchings, E F, feem'd to be divided into about fixteen or
eighteen fmall joints, as may be feen plainly enough in the Figure, out of
molt of which there feem to grow fmalllong fibres, fuch as are exprefs'd
in the Figure, each of them very proportionably fhap'd according to its
pofition, or plac' don the fralk E F ; thofe on the under fide of it, namely, I, 2, 3, 4, 5, 6, 7, 8, 9, c:Vc. being much longer then thofe directly oppofite to them on the upper ; and divers of them, fuch as 2,3,4, 5,6,7 ,8,9,
&c. were terminated with finall crooks, much refembling thofe fmall
crooks,which are vifible enough to the naked eye, in the feed-buttons of
Bur-docks. The ltalks likewife, IKon the other fide, feem'd divided into
neer as many fmall knotted joints, but without any appearance of firing!
or crooks,each of them about the middle K,feem'd divided into two parts
by a kind of fork, one fid~ of which, namely, K L, was extended nc:er
the length of K I, the other, M, was very fbort.
The tranfverfe SeCtions of the fiems of thefe branchings, manifefred .
the fhape or figure of it to be much like IN 0 E, which confifred of a
horny fkin or covering, and a white feemingly frothy pith, much like the
make of the main frem of a Feather.
The ufe of this firange kind of form,is indeed J.ll.(>re admirable then all
the refr, and fuch as deferves to be much more ferioufly examin'd and
confider'd, then I have hitherto found time or ability to do; for certainly, it may very much infirutl: us in the nature of the Air, efpecially as to
fome properties of it.
·
The fiems of the Downy branches IN 0 E, be-ing rang'd in theordec
vifible enough to the naked eye, at the difiance of IF, or fomewhat
more, the collateral fl:alks and leaves (if I may fo call thofe bodies I new.ly defcribed) are fo rang'd, that the leaves or hairy fialks of the one fide
lie at top, or are incumbent on the fialks of the other, and crofS each- .
other, much after the manner exprefs'd in the fecond Figure of the
23. scheme, by which means every of thofe little hooked fibres of the
leaved fialk get between the naked fialks, and the fialks being full of
knots~ and a prety way dif-join' ~ fo as that the fibres can eaftly get betwe~n _them, the .two parts are fo clofely and admirably woven together,
that It ts able to Impede,for the greatefl: pa;t~ the tranfcurfion of the Air;
and though they are fo exceeding fmall, as that the thicknds of one of
thefe
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thefc fiaJks 3mounts not to .a sco. I?<Ut of an Inch~ yet d? they compofe
fo tlrong a tt:xture, a:, notwtthftandmg the exceedmg qmck and violent
beating of them againtt the Air~ by the firength of the Birds wing, they
firmly hold together. And it argues an admirable providence of Nature
in the cootrivance and fa brick of them; for their texture is fuch that
- jury the parts of them are violently dif-joyn'd,
'
though by any external In
fo .2~that the leaves ana fialks touch not one another, and confequently
feveral of thefe rent~ would impede the Bird's fl · in~; yet, for the moll:
part, of themfelves they readily re-join and re~contei:' themfelves,and are
eaftly by the Birds flroking the Fei.lthtr, or drawing it through its Bill all
of them fcttled and woven into their former and natural pofiure;'for
th~ are fuch an infinite company of thofe fmall fibres in the under fidct
of the leaves, and mof'r of them have fuch little crooks at their ends, that
they readily catch and hold the fialks they touch.
From which ftrange contexture,it feems rational to fuppofe that there
is a certain kind of rnetb or hole fo frn,11l, that the Air will not very eafily
pats through it, as I hinted aJfo in the !lxth Obfervation about fmall Glafs
Canes, fur othenvife it feems probable, that Nature would have drawn
-over fome kind of thin film which fuould have covered ali thofe a1moft
fquare mefues or holes, there feeming through the .l/.1icrofcopc to be more
then half of the furface of the Feather which is open and vifibly pervious; which conjeCture will yet teem more probable from the texture of
the bruthie wings of the Tinea argentest, or white Feather wing'd moth;,
which I fhall anone defcribe. But Nature, that knows befi its own Jaws·
and the feveral properties ofbodies,knows alfo bef'r how to adapt and fi:
them to her def1gned ends,and whofo would know thofe properties, mull:
endeavour to trace Nature in its W()rking, and to fee what courfe fhe
obferves. And this I fuppofe will be no inconGderable advantage which
the scheiiJ.atifms and StruCtures cf Animate bodies will afford the diligent enquirer, namely, mof'r fure and excellent inf'rrufrions, both as to
the practical part of 1/.fechanic'<! and to the 7 heor1 and kuow ledge bf the
nature of the bodies and motions.

Obferv. XXXV I. Of Peacoks, Ducks, and other Featl-rers of
changeable colours.
THe parts of the Feathers of this glorious Bird appeat, through the
lvficrofcope, no lt:is gaudy then do the whole Feathers; for, as to the
naked eye 'tis evident that the fiem or quill of each Feather in the tail
fends out multitudes of Llllet•4l branches, fuch as AB in the third Figure
of the 23. sche111e reprefents a fmall part of aomit h part of an Inch long,
and each of the lateral branches emit multitudes of little fprigs, threads
or hairs on either fide of them, fuch as CD, CD, CD, fo each of thofe
threads in the .tl-litrtifiope appears a large long body,confzfiing of a multi~
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tude of bright reflecrin~ pa:ts, whofe Figure 'tis no eafie m~tter to determine, as he that exammes It lhall find ; for every new pofiuon of it to
the light makes it perfecrly feem ofanother form and fbape,an<:l nothing
what it appear'd a little before; nay, it appear'd very differing ofttimes from fo feemingly inconfiderable a circumfrance, that the interpofmg of ones hand between the light and it,makes a very great change,
and the opening or {hutting a Cafement and the like, very much divedifies the appearance. And thm1gh, by examining the form of it very many
ways, which would be tedious here to enumerate, I fuppofe I have difcover'd the true Figure of it, yet oftentimes, upon looking on it in ano·
ther pofiure, I have almofi thought my former obfervations deficient,
. though indeed, upon further examination, I have found even thofe alfo
to confirm them.
Thefe threads therefore I find to be a congeries of fmall L~tmin£ or
plates, as e e e e e, &c. each of th~m fbaf?' d much li~e this of • b c d, in
the fourth Figure, the part a c bemg a rtdge, prommency, orll:em, and
b and d the corners of two fmall thin Plates that grow unto the finall
fralk in the middle/o that they make a kind of little feather; each ofthefe
Plates lie one clofe to another ,almofr like a company of Doping ridge or
gutter 1'y les; they grow on each fide of the fralk oppofite to one another,
by two and two, from top to bottom, in the manner exprefS'd in the
fifth Figure, the tops of the lower covering the roots of the next above
them; the under fide of each of thefe laminated bodies, is ofa very dark
and opacous fubfbmce, and fuffers very few Rays to be trajecred, but re4
fleers them all toward that fide from whence they come, much like the
foil of a Looking-glafs ; but their upper fides feem to me to confill of
a multitude of thin plated bodies, which are exceeding thin, and lie very clofe together, and thereby, like mother of Pearl lhells, do not onely reflect a very brifk light, but tinge that light in a mofi curious manner; and by means of various pofitions, in refpe[t of the light, they refleec back now one colour, and then another, and thofe mofr vividly.
Now, that thefe colours are onely fanta.flical ones, that is, fuch as arife
immediately from the refraCtions of the light, I found by thisl that water
wetting thefe colour'd parts,defiroy'd their colours, which feem'd to proceed ftom the alteration of the reflccrion and refr~crion. Now though
I was not able to fee thofe hairs at all tranfparent by a common Iight, yet
by looking on them againfi the Sun, I found them to be ting'd with a
darkiih red colour, nothing a-kin to the curious and lovely greens and
blues they exhibited.
What the reafon of colour feems to be in fuch thin plated bodies, I
have elfewhere lhewn. But how water cafi upon thofc threads defiroys
their colours, I fuppofe to be perform' d thus ; The water falling upon
thefe plated bodies from its having a greater congruity to Feathers then
the Air,infinuates it felf between thofe Plates,and fo extrudes the firong
refleCting Air, whence both thefe parts grow more tr.anfparent,as the Microfcope informs, and colourlefs alfo, at bc:fr retaining a very faint and
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dull colour. But this wet being wailed a\vay by the continual evapora~
tions and Hearns that pafs ~hrough them from the Peacock, whil'fr that
Bird is yet alive, the colours again appear in their f01·mer lufrer, the ;,1...
terjlitia of thefe Plates being fill' d with the ftrongly refleCting Air.
The beauteous and vivid colours of the Feathers of this Bird being
found to proceed from the curious and exceeding fmalnef5 and finenefs
of the refleCting parts,we have here the rcafon given us of all thofe gau~
deries in the apparel of other Birds alfo, and how they come to exceed
the colours of all other kinds of Animals, befides Infecrs; for fince (as we
here;and elfewhere alfo fi1ew) the vividnefs of a colour, depends upon
the finenefs and tranfparency of the reflecting and refracring parts; and
fince our ltlicrofcepe difcovers to us, that the component parts of feathers
are fuch, and that the hairs of Animals are othetwife; and Lince we find
alfo by the Experiment ofthatNoble nod mofi ExcellenrPerfoni formerly named ; that the difference between Silk and Flax, as to its colour is
nothing elfe (for Flax reduc'd to a very great finenefs of parts, b~th
white and colour'd, appears as white and as vivid as any Silk> but lofes
that brightnefs and its Silken afpefr as foon as it is twified into thread,by
reak>u that the component parts, though very frnall and fine, are yet pliable flakes, and not cylinders, and thence,by twifting, become united in.;.
to one opacous body, whereas the threads of Silk and Feathers retain
their luHre, by preferving their cylindrical form intire without mixing; fo that each reflected and refratl:ed beam that compofes the glofs
of Silk, preferves its own property of modulating the light intire); And
fince we find the fame confirm'd by many other Experiments elfewhere
mentioned, I think we may fafely conclude this for an Axiome, that
wherefoever we meet with tranfparent bodies, fpun out into very fine
parts, either deer, or any w~ys ting'd, the colours reii1lting from fuch a
compo{ition mull: neceflarily be very glorious, vivid, and deer, like thofe
ofSilk and Feathers. This may perhaps hint fome ufefull way of making
other bodies, bdides Silk, be fufceptible of bright tinttures, but of this
onely by the by.
The changeable colour'd Fe:~thers alfo of Ducks, and feveral other
Birds, I have found by examination with my Microfiope, tO proceed frorri
much the fame caufes and textures.

Ohferv. XXXV I I. Of the Feet of Flies, and fever a./ other In.o
feas.
He foot of a Fly (delineated in thefirfi Figure of the 23.Scheme,
which reprefents three joints, the two T allons, and the two ~attens
in a flat pofi:ure; and in the fecond Figure of the fame Scheme, whtth r:~
prefents onely one joint, the Tallons and Pattens in a~other P.ofrure). Is
of a moll: admirable and curious contrivance, for by this the Flies are m~
abled to walk againft the fides of Glafs, perpendicularly upwards, and ~o
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contain themfelves in that pofrure as long as they pleafe;nay,to walk and
fufpend themfelves againfr the under furface ofmany bodies~as the ceiling
of a room, or the like, and this with as great a feeming facility and firmnefs as if they were a kind of Antipodes, and had a tendency upwards, as
we ~re fure they have the contrary, w~ich they alf<;> evidently difcover,
in that they cannot make themfelves fo hght, as to fhck or fufpend them·
{elves on the under furface of a Glafs well poliili'd and cleans'd; their
fufpenfi on therefore is wholly to be afcrib' d to fome Mechanical contrivance in their feet; which, what it is, we fhall in brief explain, by £hewing, that its Mechanifm confifis principally in two part~, that is, firfi its
two Claws, or Tallons, and fecondly, two Palms, Pattens, or Soles.
The two Tallons are very large, in proportion to the foot, and handfomly fhap'd in the manner defcrib'd in the Figures, by A B, and A C,
the bigger part of them from A todd, is all hairy, or briOed, but toward the top, at C and B fmooth, the tops or points, which feem very
(harp turn in~ downwards and inwards, are each ofthem mov' don a joint
at A, by whtch the Fly is able to open or fhut them at pleafure, fo that
the points Band C being entered in any pores, and the Fly endeavouring
to fhut them,the Claws not onely draw one againfr another,and fo fafien
each other, but they draw the whole foot, G G A D D forward, fo that
en a [oft footing, the tenters or pointsGG G G, (whereof a Fly has about
ten in each foot, to wit,two in every joint) run into the pores,if they find
any, or at leafi make their way; and this is fenfible to the naked eye, in
the feet ofa chafer, which, ifhe be fuffer'd to creep over the hand, or
any other part of the £kin of ones body, does make hi~> fieps as fenfible to
the touch as the fight.
But this contrivance,as it often fails the Chafer, when he walks on hard
and clofe bodies, fo would it alfo our Fly, though he be a much Ieifer,
and nimbler creature, and therefore Nature has furnifh' d his foot with
another addit.tn1ent much more curious and admirable, and that is, with
a couple ofPalms, Pattens or Soles D D, the fl:rutture of which is this:
From the lilottom or under part of the lafr joint of his foot, K, arife
two (mall thin plated horny fubfrances, each confifiing of two flat pieces,
D D, which feem to be fiexible,like the covers of a Book, about F F, by
which means, the plains of the two fides E E,ldo not always lie in the fame
plain, but may ba fometimes fhut clofer, and fo each of them may take a
little hold themfdves on a body; but that is not all,for the under fides of
thefe Soles are all befet with fmall briDes, or tenters, like the: Wire teeth
of a Card uied for working Wool, the points of all which tend forwards, hence the two Tallons drawing the feet forwards, as I before
hinted, and thefe being applied to the furface of the body with all the
points looking the contrary way, th:at is, forwards and outwards, ifthere
be any irregularity or yielding in the furface of the body, the Fly fufpends it felfvery firmly and cafily,without the accefs or need ofany fuch
Sponges fill' d with an imaginary gluten, as many have, for want of good
Glafics, perhaps, or a troublefome and diligent examination, fuppos' d.
Now, that the Fly is able to walk on Glafs) proceeds partly from fome
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tuggednefs of the fur~ace; and cfriefly from a kfnd of tarnifb, or dirty
fmoaky fubftance, whtch adheres to the fu.rface of that very bard body;
and though the pointed parts cannot penetrate the fubfiance ofOiafs.yet
may they find pores enough in the tarnifh, or at leafi: make them. ·
_ This StruCture l fomewhat the more diligently furvey 'd, becaufe. I
could not well comprehend, how, if there were fuch a glutinous matter
.in t,hofe iuppof~d~onges, armpit ( tha~ ha'e .obferv'd t}')at Obi€}~Pti <l
Microfcope) have ?uherto behev d,how, I fay, toe Fly could fo read1ly urtglew and loofen Its feet: and, becaufe I have not found any other ~rea
ture to have a contrivance any ways like it:, and chiefly, that we might
JJOt be eafi upon unintelligible exphcations of the Phttnomen-a ofNattire,
at leafi others then the true ones, where our f~s were abl~ to furrrifh
us with an intelligible, rationaJl and true o-ne.
Somewhat a like contrivance to this of Flies fhaU ·we find in mofr othe.r
Animals, fuch as all kinds ofFlies and cafe-wing'd creatures3 nay, in a
Flea> an Animal abundantly fmaller then this Fly. Other creatutes as
Mites, the Land-Crab, &c. have onely one fmall very fharp Tallon
at the end of each of their legs, which all drawing toward~ the c~nter or
middle of their body, inable thefe exceeding light bodies to fufpenci and
bft~n themfelves to almofi any furface.
Which how they are able to do, will not feem firange, if we confider
lirfi, how littl« body there is in one of thefe creatures compar'd to thei; .
fuperficies, or outfide,their thicknefs~ perhaps, oftentimes,not amounting
to the hundredth part of an Inch: Next, the firength and agility of theie
creatures compar·d to their bulk, being, proportionable to .their buJk,
perhaps; an hundred times frronger then an Horfe or Man. And thirdly,
if we confider that Nature does alwaJ'S appropriate the infhumertts, fu
as they are the rnofi fit and convenient to perform their offices, and th~
moft f1mple and plain that pofiibly c:m be; this we may fee further veri·
fy'd alfo in the foot of a Loufe which is very much differing from thofe I
have been defcribing, but more convenient and neceffary for the place
of its habitation, each of his leggs being footed with a couple of fmaH
claws which he can open or fhut at pleafnre, fhap'd alrnofi like the claws
of a Lobfier or Crab,but with appropriated contrivances for his peculiar
ufe, which being to move its body to and fro upon the hairs of the creature it inhabits, Nature has furniib'd one of its daws with joints, almofi
like the joints of a man's fingers, fo as thereby iris able to encompafs or
grafp a hair as firmly as a man can a frick or rope.
Nor, is there a lets admirable and wonderfulll'v/echanifm in the foot
of a Spi<ler, whereby he is ~ble to fpin, weave, and climb, ot run on his
curious ftranfi>arent dew; of which I fhall fay more in the defcription of
that Animal.
. And to conclude, we {ball in all things find, that Nature does n~t
onely work Mechanically, but by fuch excellent ·and mofr compend1..;
ous, as well as fiupendious contrivances, that it were impoffible for all
the reafon in the world to find out any co~trivance to do the fame th~ng
that fhould have more convenient prop~rues. And can any be fo fotuih,
Aa :2
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as to think all thofe things the produCtions of chance? Cert~inly, either their Ratiocination muft be extremely depravedlor they dtd never
attentively confider and contemplate the Works of the Al-mighty.

Obferv. XXXV I I I.
cfFlies.

Of the

Strutlure and motion ofthe Wings
J

~n

Wings of all kinds of InfeCts, are , for the moft part, very
T Hebeautifull
ObjeCts, and afford no lefs pleafing an Object to the mind
to fpeculate upon,then to the eye to behold. This of the blue Fly,among
the refi, wants not its peculiar ornaments and contrivances ; it grows
.ont of the Thorax, or middle part of the body ofa Fly, and is feated a
little beyond the center of gravity in the body towards the head, but
that Excentric!J is curioufly balanc'd ; firfi, by the expanded Area o fthe
wings which lies all more backwards then the root, by the motion of
them, whereby the center oftheir vibration is much more backwards towards the tail of the Fly then the root of the wing is. What the vibra
tive motion of the wings is, and after what manner they are moved, I
have endeavoured by many triali to find out : And for the firfr manner
oftheir motion, I endeavoured to obferve feveral of thofe kind of fmall
ipinning Flies, which will naturally fufpend themfelves, as it wer.e, pois'd
and fready in one place of the air, without rifing or falling, or moving
forwards or backwards; for by looking down on thofe, I could by a kind
of faint £badow, perceive the utmofr extremes of the vibrative motion of their wings, which fbadow, whil'fi they fo endeavoured to fufpend
themfelves, was not very long, but when they endeavour'd to fliefor~
wards,it was fomewhat longer; next,I tried.,it,by fixing the leggs ofa Fly
upon the top ofthe fialkof a feather, with Glew, Wax, &c. and then
making it endeavour to fl.ie away; for being thereby able to view it in
any pofrure, I co11efred that the motion of the wing was after this man~
ner. 1 he extreme limits of the vibrations were ufually fomewhat about
the length of the body difi:ant from one another, oftentimes thorter)and
fomttimes alfo longer; that the formofi: limit was ufually a little above
the back,and the hinder fomwhat beneath the belly ;between which two
limits, if one may ghefs by the found, the wing feem' d to be mov'd forwards and backwards with an equal velocity : And if one may (from the
fhadow or faint reprefentation the wings afforded, and from the confideration of the nature of the thing ) ghefs at the pofrure or ma11ner
of the wings moving betweeen them, it feem' d to be this : The wing
being fuppos' d placed in the upmofr limit, feems to be put fo that the
plain of it lies almoft horizontal, but onely the forepart does dip a little,
or is fomewhat more deprefi:; in this pofition is the wing vibrated
or mov'd to the lower limit, being almofi arrived at the lower limit , the hinder part of the wing moviug fomewhat fafter then the
former,
4
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former_, the .Area of the wing begins t.o ?ip behind, and in that pofiure
feet;ns.It to be mov d to the upper limit back again, and thence back
agam m the firfi pofiure,the former part of the Area dipping again,as it is
moved downwards by means of the quicker motion of the main ll:em
which terminates or edges the forepart of the wing. And thefe vibrations or motions to and fro between the two limits feem fo fwift, that 'tis
very probable (from the found it affords, if it be eompat'd with the vi~ration of a mufical firing~ tun'~ un!fon to it) it makes many hundreds,
1f not fome thoufands of v1brauons m a fecond minut'e of time. And if
we may be allow'd to ghefs by the found, the wing of a Bee is yet m~re
fwift, for the tone is mu~h more; acute? and that; ~n all likelihood: proceeds from the exceedmg fivtft beating of the air by the fmall wing.
And it feems the more likely too, becaufe the wing of a Bee is Ids in proportion to its body ,then the other wing to the body of a Fly; fo that for
ought I know, it may be one of the quickefr vibrating JPontaneou.r motions of any in the world:, and though perhaps there may be many Flies in
other places that afford a yet more fhrill ncife with their wings, yet 'tis
molt probable that the quickefi vibratingJPo11taneorH motion is to be
fOund in the wing of fome creature. Now, if we confider the exceeding
quicknefs of thefe Animal fpirits that mufi caufe thefe motions, we cannot
chufe but admire the exceeding vividnefs of the governing faculty or
.Anima of the Infect, which is able to difpofe and regulate fo the the motive faculties, as to caufe every peculiar organ, not onely to move or ace
fo quick, but to do it alfo fo regularly.
.
Whil'fi I was examining and confidering the curious lvfechan!fm of the
wings, I obferv'd that under the wings of mofi kind of Flies> Bees, &c.
there were plac'd certain pendulums or extended drops (as I may fo call
them from their refembling motion and figure) for they much refembled
a long hanging drop of fome tranfparent vifcous liquor ; and I obferved
them confiantly to move jufi before the wings of the Fly began to move,
fo that at the firfi fight I could not but ghefs, that there was fome excellent ufe.. as to the regulation ofthemotionofthewing, and did phancy,
that it might be fomething like the handle of a Cock, which by vibrating to and fro,might,as 'twere:open and ibut the Cock,and thereby give
a paifage to the determinate influences into the Mufcles; afterwards,upon fome other trials,I fuppos'd that they might be for fome ufe in refpiration, which for many reafons I fuppofe thofe Animals to ufe, and, me
thought, it was not very improbable, but that they might have convenient paffages under the wings for the emitting, at leafi,of the air'· if not
admitting, as in the gills of Fillies is rnofi evident; or, perhaps, thts PentiHIHm might be famewhat like the fiaff to a Pump, whereb~ thefe crea·
tures might exercife their Analogus lungs, and nGt only draw m, but force
out,the air they'live hy : but thefe were bnt con jeCtures,and upon further
examination feem' d Ids probable.
·
.
The fabrick of the wing,as it appears through a moderately magmfy..
ing Microfcope,feems to be a body confining oftwo parts,as is vifible in th_e
4.Figure of the 2 3•.scheme;and by the 2.Figure of the 26.scheme; the on.e ts
a qmlly
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a quilly or finny fubfiance,confifiing of feverallong,Oender and varioufhr
bended quills or wires, fomething refembling the veins of leaves; thefe
are, as 'twere,the finns or quills which ftiffen the whole Are•j an<l keep
the other part difiended, which is a very thin tranfparent fkin ot membrane variouOy folded, and platted, but not very regularly:~. and is befides exceeding thickly befiuck with innumerable fmall briOes, illhich
are onely perc~ptible by the bigger magnifying Microfcupe, and not
with that neither, but with a very convenient augmentation of fky~
light projected on the Object with a burning Glafs, as I have elf~here
{bew'd, or by looking through it againfi the light.
In freed of thefe fmall hairs, in feveral oth~r Flie~, there are infinite of
fmall Feathers, which cover both the under and upper fides of this thin
film as in almofi all the forts ofButterflies and Moths: and thofe frnall parts
are not onely fhap'd very much like the feather~; ofBirds, but likethofe
variegated with all the variety of curious bright and vivid colours imaginable; and thofe feathers are likewife fo admirably and delicately
rang'd,as to compofe very fine fiourifhings and ornamental paintings,like
Turkje and Perjian Carpets,but of far more furpaffmg beauty, as is evident
enough to the naked ey~ in the painted wings of Butterflies, but much
more through an ordinary Microfcope.
Intermingled likewife with thefe hairs, may be perceived multitudes
oflittle pits, or black fpots,in the e:xended membrane, which feem to be
the root of the hairs that grow on the other fide ; thefe two bodies feem
diipers'd over the whole furface of the wing.
The hairs are heft perceiv'd, by looking through it againfi the light,
or, by laying the wing upon a very white piece of Paper, in a convenient light, for thereby every little hair mofi manifeftly appears; a
8pecimen f of which you may obferve drawn in the fourth Fig11re of
the 2 3· Scheme, A B, ·CD, E F whereof reprefent fome Farts of the
bones or quills of the wing, eacb of which you may perceive to be
cover' d) over with a multitude of fcales, or brifles, the former A B,
is the biggefi fiem of all the wing, and may be properly enough call'd
the cut-air, it being that which terminates and friffens the formofi edge
of the wing ; the fore-edge of this is arm'd with a multitude of little
brifies, or Tenter-hooks, in forne fran ding regular and in order, in
others not; all the points of which are directed from the body towards the tip of the wing•, nor is this edge onely thus fring·d, but
even all the whole edge of the wing is cover'd with a fmall fringe,
confifiing of iliort and more flender briOes.
Thi Subjetl:, had I time, would afford excellent matter for the con•
templation of ~he nature of wings and of flying; but, becaufe I may,
perhaps, get a more convenient time to profecute that fpecularion, and
recollect teveral Obfervations that I have made of that particular. I {ball'
at prefent proceed to
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Obferv. XX X l X. Of the Eyes and Head of d Grey dnme•fly,
and offever a! othet creatures.
took a large grey Drone-Fly, th<lt had a large head, buf a fmall and
flender body in proportion to it,~lnd cmtimr off its head, I fix' d it with
the forepart or face upwards uron my Object Plate (this I made choic.c
ofrather then the head ofa great blue Fly,becaufc my enquiry being now
~bout the _eyes,! f?und this Fly t~ have:. firft the biggefi clufiers of eyes
10 proportion to l;ts l~e~d, of any {mall kmd ot Fly that I have yet feen, it
bemg fomewhat mchmng towards the make of the large Dragon-Flies.
Next, becaufe there is a rreater variety in the knobs or balls of each
clufrer,then is of any fmall Fly) Th~n examining it according to my ufual
manner, by varying the degrees of light, and altering its pofition to each
kinde oflightj I drew that reprefentation 0f it which is delineated in
the 24. scheme, and found thefe things to be as plain and evident, as
.
notable and pleaCmt.
Firft, that the' great eft part ofthe face,nay ,of the head, was nothing elf('!
but two large and protuber.mt bunches,or promincntparts,A BCD E A, the
furf.1ce of each of which was all cover:d over; or lhap'd into a muititud~
of fmall Hcmifpheres,plac'd in a triagonal order,that being the clofefi and
mofr compaCted, and in that order, rang' d over the whole fi1rf.1ce of the
eye in very lovely rows,between each of which, as is neceffary, were left
long and regular trenches, the bottoms of every of which, were perfectly
intire.and not at all perforated or drill'd through, which I moll certainly
was aifured of, by the regularly refiefred Image of certain Objecrs which
J mov'd to and fi·o between the head and the light. And by exam~n.iQg
the Cornea or outward ikin, after I had fiript it off from the feveral fub;frances that lay within it,and by looking beth upon the infide and againfr
the light.
.
Next, that of thofe multitudes of Hemifphcres, there were obfe~vable+
two degrees ofbignefs, the half of them that were Jowermofi,and look'd
toward the ground or their own Ieggs, namely, CD E, CD E being ~
pretty deal fmaller then the other, namely, ABC E, ABC E, that look'd
upward, and fide-wayspr foreright,and backward, which variety I have
not found in any otherfmall Fly._
.
.
Third!J, that every one of thefe Hemifjhere.r,as they feem' d to be pretty neer the true lhape of a Hemijjhere, fo was the furface exceeding
fmooth and regular, reflecring as exact, regular, and perfeCt _an Image of
any ObjeCt from the furface ofthem, as a fmall Ball of Q!uck-filver of
that bignefs would do, but nothing neer fo vivid, the refleCtion fi·om thefe
being very languid, much like tne refleCtion from the outfide of Water,
Glafs) Cryfial, &c. Info much that in each of thefe Hemifpheru, I have
been able to difcover a Land-fcape of thofe things which)ay befor~ my
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window, one thing of which was a large T_ree, whofe trunk and top I
could plainly difcover, as I could alfo the parts of my window, and my
hand and fing::rs, ifl held it between the Window and the ObjeCt; a
finall draught of nineteen of which, as they app~ar' d in the bigger Magnifying-glafs to refleCt the Image of the two wmdows of my Chamber,
are delineated in the third Figure of the 23. Scheme.
F Q1trth!J, that thefe rows were fo difpos' d, that there was no quarter
vifible from his head that there was not fome of thefe Hem~(ftheres dire fred
againfr; fo that a Fly may ~e truly faid to h.ave an eye every way, and to
be really circ1tmJPell. And It was further obfervable, that that way where
the trunk of his body did hinder his profpefr backward, thefe pratHberances were elevated, as it were, above the plain of his fhoulders and
back fo that he was able to fee backwards alfo over his back.
'
.
· Fifth!J,
in living Flies, I have obferv' d, that when any !mall
mote or
dufi,which flies up and down the air, chances to light upon any part of
thefe knobs, as it is fure to frick firmly to it and not fall, though through
the Microfcopc it appears like a large fione or frick (which one would adrnire,efpecially fince it is no ways probable that there is any wet or glutinous matter upon thefe HemifPheres ,but I hope I fhall render the reafon in
another place) fo the Fly prefently makes ufe of his two fore-feet in fread
of eye-lids, with which, as with two Brooms or Brufhes, they being
all befiuck with BriOes, he often ·fi.veeps or brufhes off what ever hinders
the profpefr of any of his Hemifpheres, and then, to free his leggs fiom ·
that dirt,he rubs them one againfr another~the pointed Brifles or Tenters
of which looking both one way, the rubbing of them to and fro one
againfi another, does cleanfe them in the fame manner as I have obierv'd
thofe that Card Wool, to cleanfe their Cards, by placing their Cards, fo
as the teeth of both look the fame way,and then rubbing them one againfr
another. In the very fame manner do they brufh and cleanfe their bodies
and wings, as 1 fhall by and by !hew ; other creatures have other contrivances for the cleanfing and deering their eyes.
· Sixth!J, that the nuruber of the Pearl.t or Hemiffiheres in the clufiers
of this Fly, wasneer 14000. which I judged by numbering certain rows
of them feveral ways, and cafiing up the whole content, accounting
e:tch dufrer to contain about feven thouf:and Pearls, three thou fand
of which were of a cize, and confequently the rows not fo thick, and
the foure thoufand I accounted to be the number of the fmaller Pearls
next the feet and probofc'h'. Other Animals I obferv'd to have yet a
greaternumber, as the Dragon-Fly or Adderholt: And others to have a
much lefs company, as an .Ant, &c. and feveral other fmall Flies and
Infelts.
8eventh!J,that the order ofthefe eies or HemifPheru was altogether curi...
ous and admirable,they being plac'd inallkind ofFlies,and aerial animals,
in a mofi curious and regular ordination of triangular rows, in which order they are rang'd the neerefi together that pofiibly they can, and confequently leave the leafi pits or trenches between them. But in shrimpS',
Crawfijhu, LohfleTI, and fi1ch kinds of Cruflaceo11f water Animals) I have
yet
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yet obferv·d themrang·d in a quadrangular order, the rows cutting each
other at right angles, which as it admits of a Ids number ofPearls in equal
furfaces; fo have thofe creatures a recompence made them, by having
their eyes a little movable in their heads, which the other altogether
want. So infinitely wife and provident do we find all the Difpenfuions in
Nature, that certainly Epicurm, and his followers, mufi very little have
confider'd them, who afcrib'd thofe things to the production ofchance,
that wil~to a more attentive cc.mfiderer,appear the produ[ts ofthe highefi:
Wifdom and Providence.
Upon the Anatomy or DiifeCtion of the Head, I obferv·d thefe particulars:
Firfi, that this outward fkin, like the Cornea of the eyes of the greater
Animal~, was both flexible and tranfparent, and feem' d, through the Microfcope, perfectly to refemble the very fuhfiance of the Cornea of a man·s
eye; for having cut out the clufter, and remov' d the dark and mucolfl
fiutf that is fub jacent to it, I couJd fee it tranfparent like a thin piece of
fkin, having as many cavities in the infide of it, and rang'd in the fame
order as it had protJtbenmas on the outfide~and this propriety,! found the
fame in all the Animals that had it, whether Flies or Shell-Fiili.
Secondly, I found that all Animals that I have obferv·d with thofekind
of eyes, have wirhin this Cornea, a certain deer 1iquor or juke, thoughJn
a very little guantity, and,
I obferv'd thirdly, that within that deer liquor, they had a kind of
dark tnllcoH:t lining, which was all fpread round within the cavity ofthe
clufier, and feem' d very neer ad joining to it, the colour of which, in
fom~ Flies, was grey; in others, black; in others red; in others,of a mix'd
colour; in others,fpotted; and that the whole clufiers, when look'd on
whil'fr the Animal was living, or but newly kill'd, appear'd of the fame
colour that tbis coat (as I may fo call it) appear' d of, when that outward
fkin, or Cornea,was remov'd.
·
Fourthly, that the reil: of the capacity of the clufiers was in fome, as
in Dragon FJies, 6-c. hollow, or empty; in others fill. d with fome kind
of fubfiance; in blue Flies,with a reddiili mufculous fubfiance, witbftbres
tmding from the center or bottom outwards; and divers other, with various and differing kinds ofii1bfiances.
That this curious contrivance is the organ of light to all thofe various
Crlljlaceous Animals, which are furnifi}d with it, I think we need not
doubt, if we confider but the feveral congruities it has wit~ the eyes of
greater creatures •.
As firfi, that it is furnilli' d with a cornea, with a tran.ffiarent humo1tr,and
wirh a uvea or retina, that the Figure of each of the fmall Hemijj;here.r are
very spherical, exactly polifu·d, and mofi vivid, lively and plump,wh.en
the Animal is 1iving,as in gre3ter Animals,and in like manner dull,flacctd,
and irregular, or !hrunk,when the Animal is dead.
Next, that thofe creatures that are furni!h' d with it, have no
other organs that have any refemblance to the known eyes of other
creatures.
Thirdly,
Bb

177

Mr c R o GRAPH 1

A.

Thirdly,that thofe which they call th~ eye,s ofCrabs,~obfrers,Shrimps,
and the like, and .are really fo, are Hemi}jher d, almofi m the fame manner as thefe ofFhes are. And that they really are fo, I have very often
try'd, by cutting off thefe l}ttle movabl.e knobs, and putting the creature
again into the water, that 1t would fw1m to and fro, and move up and
down as well as before, but would often hit it felf againfi the rocks or
frones; and though I put my hand jufi before its head, it would not at
all fiart or fly back till I touch'd it, whereas whil'fi thofe were remaining, it would fi:art back,and avoid my hand or a frick at a good difiance
before it touch'd it. And if in cntflaceous Sea-animals, then it feems very
probable alfo,that thefc knobs are the eyes in cruftaceomlnfeCts, which are
alfo of the fame kind, onely in a higher and more aCtive Element; this the
conformity or congruity of many other parts common to either of them,
will firongly argue,their.cr1!flaceom armour,their number of leggs,which
are fix, befide the two great claws, which anfwer to the wings in Infects;
and in all kind of Spiders, as alfo in many other InfeCts that want wings:;
we tball find the compleat number of them, and not onely the number,
but the very fhape, figure, joints, and claws ofLobfiers and Crabs, as is
evident in Scorpions and Spiders, as is vifible in the fecond Fig11re ofthe
3 I.Scheme,and in the little Mite-worm,which I call a Land-crab,defcrib'd
in the fecond Figure of the 33· scheme,but in their manner of generation
being oviparous, &c. And it were very worthy obfervation, whether
there be not fome kinds of transformation and metamorphofis in the feveral ftates of cruflaceous water-animals, as there is in feveral forts oflnfeets; for if fuch could be met with,the progrefs of the variations would
be much more confpicuous in thofe larger Animals, then they can be in
any kind oflnfecrs our colde~ Climate affords.
Thefe being their eyes, it affords us a very pretty Speculation to contemplate their manner of vifion, which, as it is very differing from that of
bioculttr Animals, fo is it not lefs admirable.
That each of thefe Pearls or Hemijjheres is a perfeCt eye, I think we
need not doubt, if we confider onely the outfide or figure of any one of
them, for they being each of them cover'd with a tranfparent protuberant Cornea, and containing a liquor within them~ refembling the watry
or glaffie humours of the eye, mufr necdlarily refraCt: all the parallel
Rays that fall on them out of the air, into a point not farr difiant within
them, where (in all probability) the Retina of the eye is placed,and that
opacons, dark, and mucous inward coat that (I formerly £hew' d) I found
to fubtend tht concave part of the clufier is very likely to be that funicle or coat, it appearing through the Micrqfcope to be plac'd a little
more than a Diameter of thofe Pearls below or within the tunica corma.
And if fo, then is there in all probability, a little Picture or Image of the
objeCts without, painted or made at the bottom of the Retina againfr
every one of thofe Pearls, fo that there are as many impreffions on the
Retina or opacous fkin, as there are Pearls or Hemijjheres on the clufi:er.
But becaufe it is impoilible for any protuberant furface whatfoever, whe~
ther Jjh£rial or other, fo to refraCt the Rays that come from farr remote
lateral
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l11teral points of any ObjeCt as to co1lefr them again,and unite them eadt
in a difiinfr point,and that onely thofe Rays which come from fome point
that lies in the .Axi! of the Figure produc'd, are fo accurately refraCted to one and the fame point again, and that the lateral Rays,thefur.ther they are remov'd, the more imp~~fefr is their refracted confluence j
It follows therefore, that onely the Picture of thofe parts of the external
objelts that lie in, or neer, the .Axif of each Hemijphere, are difcernabiy
painted or made on the Retina of each HemiJPhere, and that therefore
each of them can di!Hnfrlyfenfate or fee onely thofe parts which are very
neer perpendicularly cppos'd to it, or lie in or neer its optick Axis.
Now, though there may be by each of thefe eye-pearls,a reprefentation
to the Animal ofa whole HcoJijjhere in the fame manner as in a man's eye
there is a Fifrure or fenfation in the Retina of all the pbjects lying almofr
in an Hemifjhcre; yet, as in a man's eye alfo, there are but fome verv
few points which liyng in, or neer, the optick .A:x:k are difiinctly difcern'd: So there may be multitudes of Pitl:ures .made of an Object in
the feveral ,Pearls, and yet but one, or fome very few that are difrinfr;
The reprefentation of any objetl: th~t is made in any other Pearl, but that
which is directly,or very neer diretl:ly,oppos'd,being altogether confus'd
and Wlable to produce a difiinet vifion.
So that we fee, that though it has pleas'd the All-wife Creator; to indue this creature with fuch multitudes of eyes, yet has he not indued it
with the faculty of feeing more then another creature; for whereas this
cann<i>t move his head,at leafi: can move itvery little, without moving his
whole body,bioc~tlar creatures can in an infiant (or the twink]ing of an
eye, which, being very quick, is vulgarly ufed in the fame lignification)
move their eyes fo as to direCt the optick Ax:k to any point ; nor is it
probable, that they are able to fee attentively at one time more then one
Phyftca1 point; for though there be a difiintl: Image made in every eye,
yet 'tis very likely,that the obferving faculty is only imploy'd about fome
one ob jell for which they have mofi: concern.
Now, as we accurately difiinguifh the fite or pofition of an Object
by the motion of the Mufcles of the eye requifite to put the optick Line
in a direct pofition,and confufedly by the pofition ofthe imperfeCt Pifrure
of the object at the bottom of the eye; fo are thefe cniflaceorn creatures
able to judge confufedly of the pofition of objeCts by the Picture or impreffion made at the bottom of the oppofite Pear 1, and difiinCl:Iy by the
removal of the attentive or obferving faculty, from one Pearl to another;
but what this faculty is_.a.s it requires another place, fo a much deeper fpc•
culation. Now ,becaufeit were impoffible,even with this multitude ofeyeballs,to fee any object diltinfr(for as I hinted before:,onely thofe parts that
lay in,or veryneer,the optick Lines cou_l<l befo)the. Infinitely wife C:reat?r
has not left the creature without a power of movtng the head a httle IR
AeriAl crufldceom animals,and the very eyes alfo in cntjlaceo111 Sea-animalsi
10 that by thefe means they are ina bled to direCt fome optick line or other
againfi any objeCt:,and by that means th,ey have the vifive faculty as com•
' ·
'
pleat as any Animal that .can move its eyes.
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Oiftances of Objects alfo, 'cis very likely they difiinguifh, 'pardy by
the confonant imprdlions made in fome two convenient Pearls, one in
each clufter; for, according as thofe congruous impreffions affect, two
Pearlj neerer approach'd to each other, the ncerer is the Object, and
the farther they are difi:ant, the more difi:ant is the Objefr: partir, alfo
by the alteration of each Pearl,requifite to make the Senfationor Ptirure
perfect; for 'tis impofftble that the PiCtures of tWo Objefrs, variouOy
difiant, can be ~rfetUy painted, or made on the fame Retint!l or bottom
of the eye not altered, as will be very evident to any one that fhall attentively confider the nature of refraCl:ion. Now, whether this alteration
may be in the Figure of the Cornea,in the motion of accefs or rece§ofthe
B..etin~t towards the Cornea, or in the alteration of a crufialine humour, if
fuch there be, I pretend not to determine; though I think we need not
doubt, but that there may be as much cnriofiry of contrivance and fl:rull:ure in every one of thefe Pearls, as in the eye of a Whale or Elephant,
and:thefalmighty's Fiat could as eaftly caufe the exifience of the one as
the other; and as one day and a thoufand years are the fame with himlo
may one eye and t<!n thoufand.
This we may be fure of, that the filaments or fenfative part! of the
Retina mull: be mofi exceedingly curious and minute, fince the whole
Pitl:ure it felfis fuch; what mull: needs the component parts be of that
Retina which difiinguilhes the part of an objcl:t's Picture that mufi be
many millions of millions lefs then that in a man's eye? And how exceeding curious and fubtile muft the component parts of the 11Jediu111 that
conveys light be, when we. find the inftrument made for its reception or
refraB:ion to be fo exceedingly fmall? we may,I think, from this fpeculation be fufficiently difcouraged from hoping to difcover by any optick or
other inftrurnent the determinate bulk of the parts of the medbt?M that
conveys the pulfe oflight, fince we find that there is not lefs accuratenefs fhewn in the Figure1 and poliib of thofe exceedingly minute lenti·
cular furfaces, then in thofe more large and confpicuous furfaces of our
own eyes. And yet can I not doubt, but that there is a determinate bulk
of thofe parts, fince I find them unable to enter between the parts of
Mercury, which being in motion, rnufi necdfarily have pores, as r fuall
elfewhere lliew, and here pafs by, as being a digreffion.
As concerning the horns F F, the feelers or fmellers, G G, the Pr~
ha.fois B H, and I, the hairs and brifles, K K, I fuall indeavour to de~
fcribe in the 42. obfervaliQn.

Of the 1~ab uf a Snail.

I

Have little more to add of the Teeth of a Snail befides the Pilture
of ~t, which is reprefented in the firft FigNr~ of ;he :l5. scheme, fave
t?at hts bended body, A B C D E F, which feem· d fafbioned very much ·
l1ke a row offmall tc!eth) orderly plac,d in tht Oum9~ and looks as ifit
were
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were divided into feveral fmaller a~d g~eater ?J~ck teeth) was nothing
bu~one fmall bended .hard.bone,~hu:h waspJ~c d ~nthe upp~.r jaw ofrhe
mouth ofa Houfe-Snatl, Wlth whtch I obferv d thts very Snail ro feed on
t~ leaves o~ a Rofe-~ree, and tu bite out pretty large and' half round
b~ts, not unlike the ~tgure of a (C). nor very much differing from it·iti
btgnefs; the upper part ABC D of thts bohe, I found to be mudt wHiter
and to grow out of the upper chap of the Soail;G G G,and not to be any
thing neerfomuch creas'd as the lower and blacker partofit H II HKK H
which was exactly tbap'd like teeth, the bone growing thinner, or tapering to an edge towar~s KKK. It feem'd to have nine teeth, or prominent
parts I K, I K~ IF, &c. which were join'd together by the thinher interpos'd parts of the bone. The Animal to which thefe teeth belong, is a
very 11Noma!o11> creature, and feems of a kind guite difi:intl: from any
other terreft:riai Animal or InfeCt:, the Anatomy whereof exceedingly di~
fering from what has been hitherro given of it I iliould have inferted,hut
that it will be more proper in another place. I have never met with any
kind of Animal whofe teeth are all join'd in one, fave onely that I lately
obferv' d, that all the tet:th of a Rhinocetot, which grow on either fide
of~~ mouth, arejoin\1 into one large bone, the weight of one of which
[found to be neer eleven pound Htt'ZJerd1pois. So that it feents one <of
the higgefi: fort of terrefirial Animals, as well as one of the fm~lldr1
h~s his teeth thus fha p·d.
·

I

..

.Qbferv. XLL Oft~e EggsnfSilk-worms,and other1nftas.
~He Eggs-of Silk-worms( one of which I have defcrib'd in the fe,cDnd
!~ Fig11re of.25. Scheme) afford a prehy Objefi for a Mic;oflope that
magnifks very much, efpeciall~ if it be bright weather, and the lig~t' of rt
window be cafi or tolletl:ed on it by a deep Convex-gltif.l, or Warer.:.ball.
For then the whole furface oftheShell may be perceiv'd all cover'd over
with exceediag finall pits or cavities with interpofed edges, alinoll: in the
manner ofthe furface of a Poppy-feed,but that thefe holes are not an hundredth part fcarce of their ~ign~~ th~ Sh~lt whe~ the .y oung ones were
hatch'd (which I found an eafie thing to do, ifthe Eggs were kept in a
warm place) appear'd no thicker in prop<?rtion to its bulk,th~n that.of
anHen'sor Goos's Egg is to its bulk,and all the Sllell appear\d very wht.te
(whicJa {eem'd to proceed from its tranfparency) whence all thofe pittinS! did almoll: vanifu, fo rhatthey could not, without much difficulty,._
be difcern' d, the inf:tde of rhe Shellfeern' d to be lin' d alfo wi~h :a kin~ of
thin film,not unlike (keeping the proportion tq,its Shell )that With which
the fhell of an ·Hen-~gg is lin'd 5 and the iliell it felf feem' d like common
ligg·fbdls; very brittle; and c~~ck'd. In divtt~ other of thefe Eggs. I
could ·Platnly-endugb, through the ihell, _percetve the frnal~ InfeCt he
~Jed round tlk! ed~s ofthe fuell. The fuape of the Egg·1t: ~elf, the
Figure pretty well reprefentsfthough ht default of the Gravet It doei
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not appear fo rounded, and lying above the Paper, as it were,as it ought
to do) that is, it was for the m?fr part I?retty oval end-ways, fomewhat
like an Egg, but the other way It was a httle flatted on two oppofite fides.
Divers of thefe Eggs, as is common to mofr others, I found to be barren, or addle, for theY. never afforded any young ones. And thole 1
ufually found much whiter then the other that were prolifick. The
Eggs of other kinds of Oviparous Infects I have found to be perfeltly
round every way ,like fo many,Gl'?bules>of this fort I have _obferv·d fomc
"rts of Spide~s Eggs; .and chancmg ~he lafr S~mmer. to mclofe a. very
large and curtouily pamted Butterfly 1n a Box, mtendmg to exaDllOc its
gaudery with my Micrqfcope, I found within a day or two after I ioclos·d
her, almofl: all the inner f1o1rface of the Box cover'd over with an infinite
of exaCtly round Eggs, which were fruck very fafr to the fides of it, :;md
info exaCtly r~gular and clofe an order, that made me~ call to mind my
HJpotheji.r, whtch I had formerly thought on for the makmg out of all the
regular Figures of Salt: which I have elfewhere hinted ; for here I fuund
all of them rang'd into a mofr exact triagonal order, much after t~ manner as the Hemijjhere.r are place on the eye of a Fly; all which Eggs I
found after a little time to be hatch' d, and out of them to come a multitud~offmall Worms, very muchrefemblin~ young Silk-worms, leaving
all their thin hollow £hells behind them, fiicking on the Box in their tTIagllnttl pofrure; thefe I found with the Microfcope to have much fuch a
fublt~nce as the ~il~-worms Eggs, _but ~ould not perceive them pitted.
And mdeed, there Is as great a vanety m the ihape of the Eggs of Ovi-parous InfeCts as among thofe of Birds. .
. ..
.
Of thefe ·Eggs, a large .and lufryFly Will at one tune lay nur four or
five hundred, fo that the increafe of theie kind of Infects mufr needs be
very prodigious were they not prey' d on by multitudes ofBirds, and defrroy d by Frofrs and Rains; and hence 'tis thofe hotter Climates between
the Tropic~<! are infefted with fuch multitudes of Locufrs, and fuch other
Vermine.
J

Obferv. XL I I. Of a blue Fly.
His kin_d of Fly,whereofa 11--Jic~o.fcopical Pia:~re is deline:~ted. in the
firfr Ftgure of the 26. scheme, Is a very beauufull creature, and has
many_ t~iRgs .about it very notab~e; divers-of which I hav~ already partly
defcnb d, namely, the feet, wmgs:> eyes, and head, iQ the. preceding
Obfervations.
.
·' .
And though_ t~e ~ead before defcrib'd be that of a grey DrQne-F~~
Y~t for the m:un It Is very agreeable to t.hi
The thing~ wherein th~y.
d1ffer mofi, will be eafil y enough found by the followjng.pardculats: .
Firfi, the clufrers of eyes of this Fly, are very much fmaller then tbt:*:
of the Dron-FIJ, in proportion to the hc~d. - _
__
··
And

T

)

Sche~:YX\11.

182
nota
tod<
like :
Dive
ren,
ufua,

Egg!
rou11
k>rts
larg1
gauc
her,
of e1
info

HJpo
regu
alloJ
ner:J
foun
tude
all tl
ag~n.

fublt
And
paro
0
fivel
very
fito~
the~
Ver~

-.

manJ
defer
Obfe

ye:"
diffe~

Fi
ofth1

MIc R 0

GRApH t A.

And ·next, al{the eyes of each clufier feem'd much of the fame bigneffi
one with another, not differing as the other, but rang'd .in the fame triagonttl order.
Thirdly, between thefe two clufiers, there was a fcaly prominent
front B, which was arm'd and adorn'd with largetapering£harp black
briOes, which growing out in rows on either fide, were fo bent toward
each other neer the top, as to make a kind of arched arbour ofBriOes
which almofi cover'd the former front.
·
'
Fourthly, ctt the end of this Arch, about the middle of the face on a
prominent part C, grew two fmall oblong bodies, D D, which th;ough
a Microfcopc look'd not unlike the Pendants in Lillies, thefe feem'd to be
jointed on to two fmall parts at C, each of which feetn'd again jointed
into the front.
Fifthly, out of the upper part and out fides of thefe horns (as I may
call them, fi·om the Figure they are of, in the 24. scheme, where they
are marked with F F) there grows a fingle feather, or brullif Brifle, E E,
fomewhat of the fame kind with the tufts of a Gnat, which 1 have before
defcribed.
What the ufe of thefe kind of horned and tufted bodies fhould be, I
cannot well imagine,unlefs they ferve f~t fmelling or hearing,though how
they are adapted for either, it feems very difficult to defcribe they. are
in almofi every feveral kind of Flies offo various a fbape; though certain·
ly they are fome very efiemial part of the head, and have fome very
notable office afiign'd them by Nature, Lince in all Infects they are to be
found in one or other form.
Sixthly, at the under part ofthe face F F, were feveral of the former
fort ofbended Briiles; and below all, the mouth, out of the midd~e of
which, grew the probofck G H I, which,by means of feveral joints,where·
of it feem'd to confifi, the Fly was able to move to and fro, and thrufr it
in and out as it pleas'd; the end of this hollow body (which wots all over
cover'd with fmall £hart hairs or briOes) was, as 'twere, bent at H, and
the outer or formofi fide of the bended part H I, llit, as it were, into
two chaps, HI, HI, all the outfide of which where cover'd with hairs,
and pretty large brifles; thefe he could, like two chaps, very readily
open and fhut, and when he feem'd to fu~tk any thing from the furface of
a body, he would fpread abroad thofe chaps, and apply the hollow part
of them very clofe to it.
From eith~r fide of the Probofcis, within the mouth, grew two other
fmall horns, or fingers, K K, which were hairy, but fmall in this Figure:;
but ofanother fbape, and bigger in proportion, in the 24. Scheme, where
they are marked with G G, which two indeed fee~'d a kind of fmellers,
but whether fo or not, I cannot pofitively determme. .
The Thorax or middle part of this Fly, wascas'd, both above and be•
neath, with a very firm crufi of armour, the upper part more round, and
covered over with long conical briOes,all whofe ends pointed backwards;
out of the hinder and under part ofthis grew out in a clufier ~xIeggs,
three ofwhich are apparent in the Figure)the other thre~ were hid by tho
body
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body plac'd in that pofrure. The )eggs were all much of the fame make
being all of them cover' d with a fhong hairy fcale or fheJ,jufi like the leg~
of a Crabb or Lobfrer,and the contrivance of the joints feem'd much the
fame; each legg feem'd made up of eight parts, 1, 2, 3, 4, 5:6, 7, 8, to
the eighth or lafi of which, grew the foles and claws, defcribed before
in the 38. Obftrvation.
Out of the upper part of this trunck grew the two wings) which I mention'd in the 38. obfe~vaticn, confifring of a film, extended on certain
iinall fiiff wires or bones: thefe in a blue Fly, were much longer then
the body, but in other kind of Flies they are of very differing proportions to the body. Thefe filrns,in many Flies, were fo thin,that,like feveral
other plated bodies (mention' d in the ninth obflt·vation) they afforded
all varieties offantafiical or tranfient colours (the reafon of which I hav-e
here endeavoured to explain) they feern'd"to receive their nourifhment
from thefialks or wires, which feem'd to be hollow, and neer the upper
part of the wing L L feveral of them feem'd jointed, the fhape of which
will fufficiently appear by the black lines in the fecond Figure of the
26. scheme, which is a delineation of one of thofe wings expanded direCtly to the eyes.
All the hinder part ofits body is cover'd with a rnofr curious blue filining arrnour,looking exaCtly like a polifh' d piece of free} brought to that
blue colour by annealing, all which armour is very thick befi:uck with
abundance of tapering brifles, fuch as grow on its back, as is vifible
enough by the Figure.
Nor was the infide of this creature Ids beautifull then its outfide, for
cutting off a ·part of the belly, and then viewing it, to fee if I could difcover any Ve£fels, fuch as are to be found in a greater Animals, and even
in Snails exceeding rnanifefl:ly,I found,rnuch beyond my expefcation,that
there were abundance of branchings ofMilk-white vefiels,no lefs curious
then the branchings of veins and arteries in bigger terrefrrial Animals,in
one of which,I found two notable branches, joining their two main frocks,
as it were, into one common dHt11H; now, to what veins or arteries thefe
Veffc:lls were A.nalogtH, whether to the veva porta, or the »teferaicl{_ vef
flUs, or the like, or indeed, whether they were veins and arteries, or vafo
lat1ea, properly fo called, I am not hitherto able to determine., having
not yet made fufficient enquiry; but in all particulars, there feems not to
be any thing lefs of curious contrivance in thefe InfeCts, then
thofe
larger terrefirial Animals, fur I had never feen any more curious branchings of Veffe lis, then thofe I obferv' d in two or three of thefe Flies thus
opened.
It is a creature aCtive and nimble, fo as there are very few creatures
like it, whether bigger or fmaller, in fo much, that it will fcape and
avoid a frnall body, though corning on it exceeding fwifi:ly, and ifit fees
anything approaching it, which it fears, it prefently fquats down) as it
were,that it may be the more ready for its rife.
Nor is it lefs hardy in the Winter, then active in the Summer, induring
all the Frofis, and fi.1rviviug till the next Summer) notwithfranding the
bitter
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bitt~r cold of our Climate; nay, this creature w111 indure to be frozen ·

:md yet not be defrroy'd,for I have taken one of them out of the Sno~
whereo~ it ?as been frozen almofl: white, _wit~ the Ice .about it, and yet
by thawtng It gently by the warmth of a itre, tt has qmckly reviv'd and
flown about.
This. kind of FI~ fe.ems by ~h~ fie,ams or t~fre. of fer~enting and
putrifymg meat .Cwh1ch It often ~Ifies,as t~~r~~ wuh tts probofcis as it trips
over tt) to be frimulated or excuEd to eJeCt Its E£gs or Seed on it, perhaps, from the fame reafon as Dogs,Cats,and man'y other brute creatures
are excited to their particular lufis, by the Gnell of their females when
by Nature prepared for generation; the males feeming by thofe kind
of fmells, or other incitations, to be as much necdiitated thereto as
.Aqua Regis firongly impregnated with a folution ofGold,is forced to p'recipitate it by the affuGon of fpirit of Vrine, or a folution of salt of
Tttrtar.
One of thefe put in fpirit of Wine, was very quickly feemingly kill'd,
and both its CJS and mouth began to look very red, but upon the taking
of it out, and fuffering it to lie three or four hours, ahd heating it with
the Sun beam~ cafr through a Burning-glafs, it again reviv' d, feeming, as
it were, to have been all the intermediate time, but dead drunk, and after certain hours to grow frdh again and fober.

Obferv. XL I 1 I. Of the Water-Infect or Gnat.

Tbe

His little creature, defcribed in the firfi Fig11teofthe 27. &heme,
was a finall fcaled or crufied Animal, which I have ofteh obferv'd
to generated in Rain-water; I have alfo obferv'd it both ln Pond and
River-\\fater. It is fuppos'd by fome, to deduce its firfi original from the
l'utrifaction ofRain-water, in wbich,if it have fl:ood any time open to the
air, you lball feldom mifs,all the Summer long, of frore of them frifking
roo and fro.
!is a creature, wholly differing in fhape from any I ever obferv'd; nor
is its motion lefs firange : It has a very large head, in proportion to its
body, all covered with a lbell, like other teflaceous Animals, but it differs in this, that it has, up and down feveral parts of it, fevet:d tufts of
hairs, or briiles, plac'd in the order exprefs'd in the Figute; It has two
horns,whichfeem'd almofi like the horns of an Oxe,inverted,and, as neer
asl could gbefs, were hollow,with tufts ofbrifles,Hkewife at the top;thefe
horns they could move eafily this or that way,and might, perchance, be
their nofrrils. It has a pretty large mouth, which feem'd contriv' d much
like thofe ofCrabs and Lobfrers,by which, I have often obferv'd them to
feed on water, or fome imperceptible nutritive fubfi~nce in it. .
I could perceive, through the tranfpatent ihell,whtle the An!~al fur·
viv'd, feveral motions in tne head, thorax, and belly, very d1fl:mctly,
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of differing kinds which I may, perhaps, elfewhere endeavour more ac...
curately to examine, and to fhew of how great benefit the ufe of a Microfcope may be for the difcovery ofNature's courfe in the operations perform' din Animal bodies, by which we have the opportunity of obferving
her through thefe delicate and pellucid teguments of the bodies oflnfects
aCl:ing according to her ufual courfe and way, undifiurbed) whereas,
when we endeavour to pry into her fecrets by breaking open the doors
upon her, and difiecting and mangling creatures whil'fi there is life yet
within them, we find her indeed at work) but put into fuch diforder by
the violence offer'd, as it may eafily be imagin'd,how differing a thing we
fhould fmd,if we could,as we can with a Microfcepe,in thefe frnaller creatures, quietly peep in at the windows, without frighting her out of her
ufual byas.
he form ofthe whole creature, as it appear'd in the Microfcope, may,
without troubling you with more defcriptions, be plainly enough.perceiv' d by the Bche»te, the hinder part or belly confifting of eight feveral
jointed parts, namely, ABC DE F G H, of the firfi Figure, from the
midfi of each of whichpn either fide)£fued out three or four frnall briOes
or hairs, I, I, I, I, I, the tail was divided into two parts of very differing
make; one of them, namely, K,having many tuftsofhairor briOes, which
feem' d to ferve both for the finns and tail, for the Oars and Ruder of this
little creature, wherewith it was able, by frifking and bending its body
nimbly-to andfro,to move hirnfelf any whither,and to fkull and fi:eer himfelfas he pleas' d;the other part, L, feem' d to be,as 'twere,the ninth divilion of his belly ,and had many lingle briOes on either fide. From the end V,
of which, through the whole belly, there was a kind of Gut of a darker
colour, M M MJ wherein, by certain Pcrijlalticftmotions there was a kind
ofblack fubfiance mov'd upwards and downwards through it from the
orbicular partofit, N)(which feem'd the Ventricle,or fiomach)to the tail
V,and fo back again, which perijlaltic lz motion I have obferv' d alfo in a
Loufe, a Gnat, and feveral other kinds of tranfparent body'd Flies. The
'Ihorax or chefi of this creature 0 0 0 0, was thick and lhort, and pretty tranfj:>arent, for through it I could fee the white heart (which is the
colour alfo of the bloud in thefe, and mofi other JnfeCl:s) to beat, and
feveral other kind of motions. It was bdtuck and adorn' d up and down
with fev~ral tufts of briOes, fuch as are pointed out by P, P, P, P, the
head Qwas likewife befiuck with feveral of thofe tufts, S S S; it was
broad and lhort, had two black eyes, T T, which I could not perceive at
all pearl'd, as they afterwards appear'd) and two fmall horns, R R, fuch
as I formerly defcrib'd.
Both its motion and refi is very firange, and pleafant, and differing
from thofe of moll: other creatures I have obferv' d; for, where it ceafes
from moving its body) the tail of it feeming much lighter then the refi:
?fits body,and a little lighterthen the water it fwims in, prefently boys
It up to the top of the water, where it hangs fufpended with the head always downward; and like our Antipodes, if they do by a friik get below that fuperficies, they prefently afcend again unto it, if they c:afe
movmg,
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moving, until they tread, as it Wfte, under that fuperfides with their
tails ; the hanging of thefe in this pofl:ure, put me in mind of a cer·
tain creature I have feen in London, that was brought out of Americt~~,
which would very firmly fufpend it felf by the tail, with the head down.:.
wards,and was faid to fleep in that pofl:ure, with her young ones in her
falfe belly, which is a Purfe, provided by Nature for the produCtion,
nutrition, and prefervation of her young ones, which i$ defcribed by Pifo
in the 24. Chapter of the fifth Book of his ~atural Hifl:ory of Brajil.
The motion of it was with the tail fonvards,drawing its felf backwards,
by the frifking to and fi·o of that ruft which grew <rot of one of the
ftumps of its tait It had another motion, which was more futable to that
ofother creatures, ancl that is, wirb the head forward ; for by the moving
ofhiscbaps(ifl may tO caHtheparrs.ofhrs mouth) it was abletomove
it felf downwards very gently towards the bottom> and did,as 'twere,eat
up its way through the water.
But that which was mofi obfervable in this creature, was, its Meta~
morphufis or change;for having kept feveral of thefe Animals in a GlatS of
R.ain-water,fn which they were produc' d, I found ,after about a fortnight
vr three weeks kc:'eping, that feveral of them tiew a \yay in Gnats,leaving
rheir hufks behind them in the water floating under the furface, the
place where thefe Animals were wont to reGde, whil'il: they were inhabitants of the water: this made me morediligentlytowatch them, to
fee ifl could find them at the time of their transformation; and not long
after, I obfcrv~d feveral of them to be changed into an unufuallhape,.
wholly differing from that they were ofbefore, their head and body being grown much bigger and deeper~ but not broader, and their belly, or
hinder part fmaller, and coy I'd, about this great body much of the fafhion reprefemed by the prick'd line in the fecond Figure of the 27. Sc~eme,
the head and horns now fwam uppermofl:, and the whole bulk of the body feem' d to be grown much Jighter; for when by my frighting of it, it
would byfrilking out ofitstail (in the manner exprefs'd in the Figure
by B C) fink it felf below the furface towards the bottom; the body
would more fwiftly re-afcend, then when it was in its former fbape.
I fiill marked its progrefs from time to time,and found its body fiill t0
grow bigger and bigger, Nature, as it were, fitting and accoutring it
for the lighter Element, ofwhich it was now going to be an inhabitant;
for,by obferving one of thefe with my Microfcope, I found the eyes of it
to be altogether differing from what they feem'd before~ appearing now
all over pearl'd or knobb'd, like the eyes of Gnats. as is vifible in
the fecong Figln'e by A. At length, I faw part of this creatu~e to fwini
above, and part beneath the furface of the water, below which thougli
it would quickly plunge it felfifi by any means frighted it,and prefently
re-afcend into its former pofiure; after a little longer expeCl:ation, I
found that the head and body of a Gnat,began to appear and fiand deer
above the furface, and by degrees it drew out its leggs, firfi the two formofr,then the other,at length its whole body perfelt and entire appear'd
out of the hufk (which it left in the water) fianding on its Ieggs upo11
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the top ofthe water, and by degrees it began to move, and after flew
about the Glafs a perfect Gnat.
I have been the more particular, and large in the relation of the tranfformation of divers of thefe little Animals which I obferv'd, becaufe I
have not found that any Authour has obferv'd the like; and becaufe the
thing it felf is fo flrange and heterogeneous from the ufual progrefs of
other Animals, that I judge it may not onely be pleafant, but very
ufefull and neceffary towards the compleating of Natural Hifiory.
There is indeed in P~(o, a very odd. Hill:ory, which this relation may
make the more probable; and that ism the 2. Chapter ofthe 4- Book of
his Natural Hill:ory ofBrtflil, where he fays,Porr~ prteter tot document afertilitati.r circa vegetabilia & Jettjitiva marina telhtri.r temula,accidit & iUud,

quodpauci.r aP~tranamh1tcenji miUiaribM)pifcatori.r uncum dtra intentio11em
contingat inftgi vadi.r petroj.r ,& loco pifcisJP~ngia,coraUa,aliafque arbufcul~n
»tarmtU capi. Inter hll'c im'.fttat£ formte prodit JPongiofa ttrbufcula,fefqttipedis
/ongit~tdinis, brevioribH.s rlldicibus, lapideis nitens vadis, & rupibus in.fi'xa,
trigitHrtpte in corp1u j}ongiojitm moUe oblongunt rotuncbtm turbinatunt: int11s
»tiris cancel/is & alveis fabricatH1JJ, extus a11tem tenaci glutine inflar Ap11m
propolis 1mdique veflitum, oflio fatis patulo e}v pro[1mdo itt fommitate rclillo,
jcut ex alter a iconum probe depifia videre /icet (fee the third and fourth
Figures of the 2 7. Scheme.) It a 111 Apiarimn 111arinum vere dixeris ; primo
enim intuitu e Mare ad Terram de!at1mJ,vermiculis fcatehat cteruleii parvis,
qui moxa calore folis inM1tjcas,vel Apes potius,eafq; exiguas & nigra.r tranf
formebantur, circHmvolantefpte evanefcebant,ita ut de eorum meUificatione
nihil certi confPici datum fuerit, c~tm tamm cterofa 11111feria propulii .Apu11tque ceUte manifejle flpparerent,atque ipfa me/Jis q~talifcunque fob.ftantitt pr~cHI
dubio urinatoribui patehit, ubi curiojus inquijiverit;t h.:tc apiaria, eaque in
natali folo & falo diverjis temporibus penitius l11.ftrarint.
Which Hifiory contains things fufficiently fi:range to be confider'd, as
whether the hufk were a Plant, growing at the bottom of the Sea before,
of it feif, out ofwhofe putrifaction might be generated thefe firange kind
ofMagots; or whether the feed of certain Bees, finking to the bottom,
might there naturally form it felf that vegetable hive, and take root;
or, whether it might not be placed there by fome diving Fly; or,
whether it might not be fome peculiar propriety of that Plant, whereby
it might ripen or form its vegetable juice into an Animal fubfiance; or,
whether it may not be of the nature of a Sponge, or rather a Sponge of
the nature of this, according to Come of thofe relations and~conjefulres I
formerly made of that body, is a matter very difficult to be determined.
But indeed,in this defcription,the Excellent Pifo has not been fufficiently
particular in the fetting down the whole procds, as it were to be wiili'd:
There are indeed very odd progreff~s in the production of feveral kinds
of InfeCts, which are not lefs inllrutl:ive then pleafant, feveral of which,
the diligent Goedartius has carefully obferv'd and recorded, but among
all his Obfervations, he has none like this, though that of the Hemerobi~ts
be fomewhat of this kind, which is added as an Appendix by JDhannes
MeJ.
I have

M

I C R 0 G R A P H I Ae

. I have, f~r my own parti~u!ar, beGdes feveral of thofe rnendon'd by
h1m, obferv d dtvers other ctrcurnfiances,perhaps, not much taken notice
of, though v~ry ccmmon, which do ind~ed afford us~ very coerci.ve argument to admire the goodnefs and providence of th~ mfimtely wife Creator in his molt excellent contrivances and difpepfations~I have obferv'd,at
feveral times ofthe Summer,that many ofthe leaves of divers Plants have
been fpotted, or, as it were fcabbed, and lo·oking on the underfides of
thofe of them that haye been but a litte irregular, I have perceiv'd them
to be fprinkled with divers forts of little Eggs, which letting alone,! have
found by degrees to grow bigger, and berorne little Worms wirh leggs
but frill to keep their former places,and thofe places of the leaves,uf thei;
own accords, to be grown v.ery protuberant upwards, and very hollow
and arched underneath, whereby thofe young creatures are, as it were'
fltelter'd and houfed from external injury; diversleaves I have obferv'd
to grow and fwell fo farr, as at length perfeCtly to inclofe the Animal ·
which, by other obfervations I have made, I ghefs to contain it, and be~
come, as it were a womb to it, fo long, till it be fit and prepar'd to be
tranOated into <mot~er fiate, at what time, like (what they lay of) Vi-,
pers, they gnaw their way through the womb that bred them; divers of
thcfe kinds I have met with upon Goofberry leaves, Rofe-tree leaves~
Willow leaves, and many oth~r kinds. .
,
There are often to be found upon Rofe-trees and Brier bufhes, little
red tufts, which are certain knobs or excrefcencies,growing out from the
Rind, or barks of tbofe kinds of Plants, they are cover'd with ftrange
kinds of threads or red hairs~ which feel very (oft, and look not unpleafitntly. In molt of thefe, if it has no hole in it, you Ihall find certain little
Worms, which I fuppofe to be the caufes of their production; for when
that Worm has eat its way through, they, having performed what they
were defign' d by Nature to do, by degrees die and wither away. ·
Now,the manner of their production,I fi1ppofe1;o be t_hus;.that the Alwife Creator has as well implanted in every creature a faculty of knowing what place is convenient for the hatching, nutrition, and prefe.~;vati
on of their Eggs and of-fprings, whereby they are fiimulated and direfred
to convenient places, which becom, ~s 'twere the wombs that perform
thofe offices : As he has alfo fuited and adapted a property t:o thofe
places wherby they grow and inclQfe thofe feeds, and having inclo{ed
them, provide a convenient nourifhment for .them, but as foon as they
have done the office of a womb, they die and wither.
The progrefs of indofure I have often obferv'd in leaves, which in
thofe places where thofe feeds have; been ca~, have by degrees fwell'd
and inclos'd them, fo perfeccly round, as not to leave any perceptible
paffage out.
..
From this fame caufe, I fuppofe that Galls, Oak-apples, and feveral
other produCtions of that kind, upon the branches and leaves <:fl;rees,
have their original; for if you open any of them~ wh~n almofhtpe, you.
fhall find a little Worm in them. Thps, if you open never fp ·many dry
Galls, you fhall fincf. .either a hple whereby the Worm has eat )its paifage
out~
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out or if you find no paflage, you may ,by breaking or cutting the Gali;
find in the middle of it a fmall cavity, and in it a fmall body, which does
plainly enough yet retain a fhape, to manifefc it once to have been a
Worm, though it dy'd by a too early feparatiorJ from the Oak on which
it grew,its navel-firing,as 'twere,being broken off from the leaf vr branch
by which the Globular body that invelop'd it, recdved its nourifbment

from the Oak.
And indeed,if we confider the great care of the Creator in the difpenfation~ of his providences for the propagation and increafe of the race,not

onely of all kind of Animals, but even of Vegetables, we cannot chufe
but admire and adore him for his Excellencies, but we fhall leave off to
admire the creature, or to wonder at the firange kind of alting in feveraf
Animals, which feem to favour fo much of reafon ; it feerning to me moft
rnanifefr,th<tt thofe are but aClings according to their firu8:ures, and fucb
operations as fuch bodies, fo compos'd, mull: neceffarily, when there are
fuch and fuch circumfiances concurring, pt;rform : thus, whenwe find Flies
fwatming,about any piece offtefh that does begin a little to ferment;Butterflies about Colworts,and feveral other leaves,which will ferve to hatch
and nourHh their young; Gnats, and feveral other Flies about the Wa·
ters, and marifhy places,or any other creatures, feekin~ and placing their
Seeds in convenient repofitories, we may, if we attentively confider and
examine it, find that there are circumfiances fufficient,upon the fuppofals
of the excellent contrivance of their machine, to excite and force them to
alt after fuch or fuch a manner; thofe fieams that rife from thefe feveral
places may, perhaps, fet feveral parts of thefe little Animals at work,even
asinthe contrivance ofkillinga Fox orWolfwith a Gun, themoving
of a firing, is the death of the Animal; for the Beaft, by moving the ftefh
that is laid to entrap him, pulls the firing which moves the trigger, and
that lets go the Cock which on the fieel firikes certain fparks of fire
which kindle the powder in the pann, and that prefently flies into the
b:1rrel, where the powder catching fire rarifies and drives out the bullet
which kills the Animal; in all which altions, there is nothing of intention
or ratiocination to be afcrib'd either to the Animal or Engme> but all to
the ingenioufnefs of the contriver.
But to return to the more immediate confideration of our Gnat:
We have in it an Infrance, not ufual or comrnon,tof a very fiange amphi·
bioHs creature, that being a creature that inhabits the Air, does yet produce a creature, that for forne time lives in the water as a FHh, though
afterward (which is as frrange) it becomes an inhabitant of the Air, like
its Sire,in the form of a Fly. And this, me thinks, does prompt me to propo(e certain conjectures, as Q!lerics, having not yet had fufficient oppor·
tunity and leifure to anfwer them my felf from my own Experiments
or Obfervations.
And the firfi is, Whether all thofe things that we fuppofe to be br~d
from corruption and putrifatl:ion, may not be rationally fuppos·d ro have
their origination as natural a~ thefe Gtrau, who, 'tis very probable,
were firfr dropt into this Water, in the fotxn of Eggs. Thofe Seeds or

Egg£
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Eggs mufr certainly be very fmalJ, which fo fmaU a creature as a Gnat
yields, and therefore: we need not wonder that we find not the Eggs
themfdves, fome ofthe younger of them, which I have obferv'd, having
not exceeded a tenth part of the bulk they have afterwards come to· and
next~{ have obfcrved fome ofthofe little ones which mufi: have. been ~ene·
rated after the Water was incl'?fed in the Bottle, and therefore mofi: pro-.
bably from Eggs, whereas thofe creatures have been fuppos'd to be bred
of the corruption of the \Vater, there being not formerly known any
probable way how they !hould be generated.
.
A fc:cond is, \\hether thefe Eggs are immediately dropt into the Water
by the Gnats themfelves, or, mediately, are brought down by the fallingrain; for it feems not very improbable,but that thofe fmall feeds of Gnats
may (being, perhaps, of fo light a nature, and having fo great a proportion of furface to fo fmall a bulk of body) be ejeCted into the Air; and
fo, perh:1ps, c:1rried for a good while too and fro in it, till by the drops
of Rain it be wafh' d out of it.
A third is, whether multitudes of tbofe other little creatures that an~
found to inhabit the \Vater for fome time, do not, at certain times, take
wing and fly into the Air, others dive and hide themfelves in the Earth,
and fo contribute to the increafe both ofthe one and the other Element.

Poflfcript.

I

A good while fince the writing of this Defcription, I was prefented by
Doctor Peter E,dJ, an ingenious Member of the: Roy.tl Society, with a little
Paper ofNuts, which he told me was fenthim from a Brotherofhis out
of the Countrey,&om ltfdmhend in Devonfoire, fome of them were loofe,
having been, as I fuppofe, broken off, others were fi:ill growing fall: on
upon the fides of a Hick, wl:ich feem'd by the bark, pli:1blenefs of it, and
by certain firings that grew out of it, to be feme piece of the root ot
a Tree; they were all of them dry'd, and a little !hrivell'd, others more
round, of a brown colour; their fbape was much like a Figg, but very
much fmaller,fome being about the bignefs of a Bay-berry,others,and the
biggefi, of a Hazel-Nut. Some of thefe that had no hole in them, I carefully opened with my Knife, and found in them a good large round white
Maggot, almofi as bigg as a fmall Pea, which feem'd fhar'd like other
Maggots, but fl10rter. I could not find them to move, though I ghefs' d
them to be alive, becaufe upon fricking them witha Pinn, there would iffue out a great deal ofwhitenmcorH matter,which feem'd to be from aVO"'
Juntary contraction of their !kin ; their hufk or matrix con filled of three
Coats,like the barks of Trees, the outermoft being more rough and fpongie, and the thickefi:, the middlemofi more clofe~ hard white, and thin,
the innerrnofi very thin,feeming alrnofi like the fkin within an Egg's !hell.
The two outermofi: had root in the branch or [tick, but the innennofl:
had no lkm or procefs, but was onely a fkin that cover'd the cavity of
the Nut. All the Nuts that had no holes eaten in them, I found to con~
tain thefe Maggots, but all that had holes, I found empty, the Maggot~,
J
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it feems, having eaten their way through, taken wings and flown away

~s this following account (which I recei v' d in writing from the fame per~
fon, as h was fent him by his Brother) manif~frs.

In a mourifh black_
Peat} 1Jt~1t!d, with .fome fmaU veins of whittfh yellow Sands, upon occajion
of digging a hole two or three foot deep, at the head of a Pond or Pool, to
ftt • Tree in, at that depth, werefound, about the end ofOltober 1663. in
tQo[e verJ veins of Sand, thofe B11ttons or NHt.r, flickj_ng to a little Iooft
Jlicft, that is:J not belonging to any live Tree, and fouu of them a!fo free bj
themfelve.r.
Four or five of which being then open' d, fome were found to contvin
/i?,Je InfdJ.r come to perfi&ion, mo.fl li~ to fiJing Ants~ if not the fome; in
tithers, InfetJs,Jet impcrfeCI, having but the head and wing.r for»id, the reft
remaining a foft white pulpy fobflance.

Now ,as this furnifhes us with one odd Hifrory more, very agreeable to
what I before hinted, fo I doubt not, but were men diligent obfervers,
they might meet with multitudes of the fame kind, both in the Earth and
in the Water, and in the Air, on Trees, Plants, and other Vegetable-s, all
places and things being,as it were;animarum plena. And I have often,with
wond~r and pleafure,in the Spring and Summer-time, look'd clofe to,and
diligently on, common Garden mould, and in a very fmall parcel of it,
found fuch multitudes and diverfities oflittle reptile.r,fome in hufks,others
on ely creepers, many wing' d, and ready for the Air; divers hufks or habitations left behir.d empty. Now, ifthe Earth of our cold Climate be fo
fertile of animate bodies, what may we think of the fat Earth of hotter
Climates? Certa.inly,the Sun may there, by its activity, caufe as great a
p~cel of Earth to fly on wings in the Air, as it does of Water in fieams
and vapours. And what fwarms mufr we fuppofe to be fent out ofthofe
plentifull inundations of water which are poured down by the fluces of
Rain in fuch vail guantities ? So that we need not much wonder at thofe
innumerable clonds of Locufrs with which Africa') and other hot countries are fo peftred, fmce in thofe places are found all the convenient
caufesof their produCtion, namely, genitors, or Parents, concurrent re<;eptades or matrixes,and a fu.fficient degree of nottural heat and moifrure.
I was going to annex a little draught of the Figure of thofe Nuts fent
(')Ut of Devonfhire, but chancing to examine Mr. Parkjnfon's Herbal
for fomething elfe, and particularly about Galls and Oak-apples) I found
among no lefs then 24. feveral kinds of excrefcencies of the Oak, which l
doubt not, but upon examination, will be all found to be the m11trixu of
fo many feveral kinds of Infects ; I having obferv' d many ofthem my felf
to be fo,among 24. feveral kinds, I fay ,I found one defcribed and Figur'd
direetly like that which I had by me,the Scheim is there to be feen,the defcription, becaufe but fhort, I have here adjoin'd Theatri Butanici trib~I6•
Chap. 2. There groweth at the roots of uld Oaf<! in the spring-time, a1td
femetimes alfo in the very heAt of SH11tme'l', a peculiar i(jnd of M11jhrom or
Excrrfcence, caU'd Uva ~ercina,fweUmg o11t of the E.ilrlh> 1Htt1tJ growing
on.e c~fo unto 11nother, of the fafoion if a Grape, I!1Ul therefure tooft
the n11me, the Oak-Grape, and is of a PHrplijh co/1ur on the QHtjde,
~nd
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htd Ji,hfte ff'ith1n li~ A1ilft, and in tl.Je end of S11mme~ heconlet!J hare/.
lmJ Jl'obdJ. Whether this be the very fame kio.d; ~cannot affirm' but
both the Picture aild Deferi~tion come . very ne~,r i:q . tha,t t have;'
but that he feen1s !lor to taK.e notice ot the hollownefs or Worm, for
whiCh 'tis moft obfervable. And therefore · 'cis very likdy; if men
did but tak_e notic~, they might find v~ry many 9i~erH~g~P.e~i~s ~f th~(e
Nuts, ovar1es, or fr./dtnxes, ancf all of them ro have much dl.~ fame
defignarion and office. And I havevery lately fou~d ~verar kind's ofJi:x..
crefcende oo Tree~ and Shrubs, which having endured the Winte;, \l.P"'
on opening them, I found mofr of them to contain little Worms, but
dea'd;thore thing?that contain'd them beingwit:nei'd and dry. .
·

Obferv'. X\.L IV.

Oj the tiiftid or Brufh'-hOrn'd Gnat.

~R!s little cre~t~re was one of thofe mul~itud~s tl~at fill o~r ljngliJI;.

.l atr all the ttme that warm weather lafis, and ,rs exactly of,the fuape
of that I obferv' d to be generated. a'ild hatch' d out of thofe little lpfecbs
tbat\vriggle ur ana down in Raiq-water. But,tho~gp.m~ny were q( this
form, yet I obteP(~ 9.thers to be of quite 19ther ~inds ~ nor , 'fYfe .ali
oft~is~or the cther.kind g~nerated out ofW~ter Infecr~; . for , wtw~eas r.
obferv d that thofe that proceeded ,f~o~ tho(e Jp~fr~ W,(:Je ~! (~_e;.rr fu1I 1
gr?wt~? I have ~}fo. f?v.ng multitude.s of the(amr. fllape,_btjt;n.nJ.~~fm~JJer
and tenderer feemmg to b~ very young one~, Cl)e~ \up flwi. 4<i>~n !lJppn,
the.lea\;esofTrees, and flying up ~nd dowplniroallclufiers;j in[places ,
v~rf 'remote from water; ' and this Spring, I ob(ery'
d ~pe iday,, }vhten th<!J
1
Wind
very calrp., and the ~fi:ernoon 'verr. fair2 a!]d p~f~ty , w~rm;'
tno.tigQ i~ h~d fo~ aJ9ng time been very ~old we)l~1}~r, aq~ ~h~. .Y~ind con,..
tmue<Ihlllm the E"afr, feveral (mall fiy.anps of th~r11 playtpg ~p ;m.dt frQ~
hi litiTe ~clouds in' the~Sun, each o'f'~ht~h w~re uqr, fl terith par~ ot the~
bfg~efs ·of ?.ne o_f th'efe I ~e\e hay~ delinFat~d? tho~h;very rnq~~pf.the
f~tpe fhape, whtch makes me ghefs1 th(\t each .o( tl;ietF fvyarms ~lgbt be
t~~~f-fpring qf ?De"'~~efy Cf.nar, ~hich ~ad, been .hP.o[de~ ,up )p fpiT,Je; faf<;.
repofitory all tht~ Wn:ner by fome PfO;Vtqent Parep~, and were now, by
tlie ~ar~th of the Sp~i9g-air~ hatc]l:qjnt~ little Fli~. . 1 .• ~ ••
• "
Arid mdeed, fo various, and feemmgl y uregl,l)a.r "\re rhe g~u~rauoos or
p~odufrions of Iq[el;ts,' tha.t he that ~all c~r~full_y~pd .~\ligent~~ pqfcrv~ ;
tne feveral metbods ofNaturetherem~ w~U h~~;}!\~nttely <;:fi~e fptther
tq-li?m!re)hc wi(d~iq ~.ri.d P.~ovi4~-~~ ~f the Cr~~l!9J; ~or non?n~J}( the
fame ktnd of creature may be proq~c _4 fro111 fey1<;r,aJ..kJnq~ ofj~~"X~~ 1bl,lt 1
the very tame creature.may produce fcrveral kjnd~,: fo;:.,as d1v~r~Wat~hes
m:ay ~~~~de out 'o.f f~V,er~! mat,e]i~~·~, .yyhi~h m~y yet have ft~t tberfameA
ae~earance,and mo:y~ alter the (amC.mf1¥1ef )tpat I&ofhe:ty th~ POV.I fqpa)Jy >
tqle, tpeJ one i:J:iei ~t~~~' an~ . Ojlt .<?( tb~ J~ute,kinq ~f. ~CJ{ter_, , lik~
Wat:ches)inay be-Wrbught differing ways; and, as one and the fame Watch
D d
may,

was.
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may, by b~ing diverfly agitated, or mov' d,by this or that agent,ror after
this or that manner, produce a quite contrary effecr : So may it be with
thefe moll: curious Engines,of Infetl:'.s bodies; the All-wife God of Nature,
may have fo ordered and difpofed the little Allt011MttJni, that when nourHhed, a fred, or enlivened by this caufe, they produce one kind ofeffetl:,
or animate ibape, when by another they acr quite another way, and another Animal is produc'd. So may he fo order feveral materials, as to
make them,by feveral kinds of methods, produce fimilar .A11tomatom.
But to come to the Defcription ofthis Infecr,as it app~ars through a .Jir!i~rDJcope,o[ which a reprefentation is made in the 28.scheme. Its head A, is
exceeding fmall, in proportion to its body, confifiing of two clufiers of
pearl'd eyes B B, on each fide of its head, whofe pearls or eye-balls are
curiouily rang' d like thofe of other Flies; between thefe,in the forehead
ofit, there are plac'd upon two fmall black balls, C C, two long jointed
horns, tapering towards the top, much refembling the long horns of
Lobfiers~ each ofwhofe frems or-quills, D D, were brifled or brufhed
with multitudes offmall fiiff hairs, ifiuing out every way from the feveral joints, like the firings or fproutings of the herb Horfe-tail, which is
oft obferv'd to grow among Corn, and for the whole fhape, it does very
much refemble thofe bru:fhy Vegetable.~; befides thefe, there are two other
jointed and brifled horns, or feelers, E E, in the forepart ofthe head, and
a probofcis, F, underneath, which in fame Gnats are very long, fireight
hollow pipes, by which thefe creatures are able to drill and penetrate
the fkin, andlthence, through thofe pipes fuck fo much bloud as to fiuff
their bellies fo full till they be ready to burl}.
This fmall head, with its appurtenances,is fafined on by a fhort neck,G;
to the middle ofthe thorax, which is large, and feems cafed with a firoug
black fhel,H I K, out of the under part of which, iifue fix long and flender
legs;L L L L L L, fhap' d jufi like the legs of Flies, but fpun or drawn out
longer and ilenderer,which could not be exprefs'd in the Figure,becaufe
of their great length; and from the upper part, two oblong, but Gender
tranfparent wings, M M, fhaped fomewhat like thofe of a F1y,underneath
each of which, as I have obferv'd alfo in divers forts of Flies, and other
kinds of Gnats, was placed a fmaW body, N, much refembling a drop
of fame tranfparent glutinous fubfiance, hard ned or cool' d, as it was al•
mofi ready to fall, for it has a round knob at the end, which by degrees
grows flenderer into a finall fiem~and neer the infertion under the wing,
this fiem again grows bigger; thefe little Pend1tlHmi,as I may fo call them,
the lit!~ creature vibrates to and fro very quick when it moves its wings,
and I have fometimes obferv'd it to move themalfo, whil'lhhe wing lay
frill, but always their motion feem' d to further the motion of the wing
ready to follow; ofwhat uk they are, as to the moving of the wing, or
otherwife, I have not now time to examine.
Its-belly was 1arge,as1t is ufually in all Infects, and extended into nine
lengths or partitions, each of which was cover'd with round armed rings
or fhells; fix of which, 0 P Q_R S T were tranfparent, and divers kinds
o~PerifoJtit/t motions might be very eafily perceiv'd, whil'fi the Animal

'

was

I

S c. hern

....

•

M I c R 0 G 1t A 1? HI A.
Was alive, but efpecially a fmall deer white part \1, feemed to beat like
the heart of a larger Animal. The lafl: three divifios, W X YJ were co.;.
ver' d with black and opacous iliells. To conclude, take this creature
al~ogether, and for. beauty and curious contrivances; it may b~ compared
wtth the large£1: Ammal upon the Earth. Nor doth the Alwtfe Creator
feem to have fhewn Iefs care and providence in the fa brick of it then in
thofe which feern mo£1: confiderable,
·
'

Obferv. XL V, Of the great Belb'd Gnat ot fimale Gnat,
~He fecond Gnat, delineated in the twenty ninth scheme, is of :i

J. very difiering fhape from the former;but yet of this fort alfo,I found.
feveral of the Gn_ats, that were generated out of the Watet InfeQ: the
wings of this, were much larger then thofe of the other, and the belly
much bigger, fhorter and of an otherfhape; and, fi·cm feveral particulars, l ghe£1: it to be the Female Gnat, and the former to be the Male.
The thorax ofthis:was much like that of the other,having a very fl:rbng
and ridged back-piece, which went alfo on either fide of its leggs; about
the wings there were feveral joynted pieces of Armor, which feem'd cu~
rioufly and conveniently contriv'd, for the promoting and firengthning
the motion of the wings;its head was much differing fi·om the oth~r,being
much bigger and neater fbap'd, and the horns that grew out between his
eyes on two little balls, were of a very differing fhape from the tufts of
the other Gnat~ thefe having but a few knots or joynts, and each of
thofc but a few, and thofe iliort and lhong, brifles. The form oft horns
or feelers, were like thofe of the former Gnat,
·
One of thefe Gnats I have fuffer' d to pierce the fkin of tny hand, with
its prDbofci.r} and thence to draw out as much blood as to fill its belly
as full as it could hold, making it appear very red and tranfparent ; and
this without any further pain, then whil'fi it was linking in its probofli.r, as
it is alfo in the fringing of Fleas : a good argument; that thefe creature!~
do not wound tb,e .fkin, and fuck the blood out of enmity and revenge,
but for meer neceffity, and to fatisfy their hunger. By what means thi~
creature is able to fuck, we !ball ihew in another place.
_
I
,I

Obferv. XL V1. Of the white foatherwing'd Moth or fine~
Argentc:a.

T

I

His white 1ong wing'd Moth, which 1s deiineated in the 3o.sr:hem~~

afforded a lovely ob jett ?oth to the n.aked ~ye,and ~hrough a Jl!tcrofc9pe : to the Eye it appear d a fmall Mtlk white Fly with four w~ue
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Wings, the two formoft fomewhat longer then the. two hinde~'ffioft, and
the two fborter about halfan Inch long, each of whtch four W mgs feem' d
to confift of two finalllong Feathers, very curioufly tufted, or haired on
each fide, with purely white, and exceedingly fine and fmall Haires, proportion'd to the ftalks or fl:c=ms, out of which they grew, much like the
tufts of a long wing-feather of (orne Bird, and their ftalks or fiems were,
Jikethofe, bended backwards and downwards, as may be plainly feen by
the draughts of them in the Figure.
Obferving one ofthefe in my Microfoope,I found,in the firft place, that
all the Body ,Legs, Horns and th~ Stalks of the Wings, were covered over
with various kinds of curious white Feathers, which did, with handling
or touching, eafily rubb off and fly about, info much that looking on my
Fingers, with which I had handled this Moth, and perceiving on them little white fpecks, I found by my Microfcope, that they were feveral of the
fmall Feathers of this little creature, that fiuck up and down in the ru·
gojties of my Skin.
Next, I found that underneath thefe Feathers, the pretty Infect was co·
vered all over with a crufted Shell, like other of thofe Animals, but with
one much thinner and tenderer.
Thirdly, I found, as in Birds alfo is notable, it had differing and ap·
propriate kinds of Feathers, that covered feveral parts of its body.
Fourthly, furveying the parts of it~ body, with a more accurate and
better Magnifying Microfcope, I found that the tufts or haires ofits Wings
were nothing elfe but a congeries, or thick fet clufier of fmall vim ina or
twiggs, refembling a fmall twigg of Birch, fiript or whitned, with which
Brufhes are ufually made, to beat out or brufh off the duft from Cloth
and Hangings. Every one of the twiggs or branches that compofed the
Brufh of the Feathers, appeared in this bigger Magnifying Glafs (of which
E F which reprefents 114-. part of an Inch, is the fcale, as G is of the Ieifer,
which is only t) like the figure D. The Feathers alfo that covered a
part ofhis Body, and wereinterfperfedamongthe brufbof his Wings, I
found,in the bigger Magnifying Glafs, of the fhape A, conftfiing of a fialk
or fiem in the middle, and a feeming t\lftednefs or brufhy part on each
fide. The Feathers that cover'd mofi part of his Body and the ftalk of
his wings, were,in the fame Microfcope, much of the figure B, appearing of
the fhape of a finall Feather, and feemed tufted: thofe which covered
the Horns and fmall parts of the Leggs, through the fame Microfcope, appear'dofthe fhapeC. Whether the tufi:s of any or all of thefe fmall
Feathers, confifted offuch component particles as the Feathers of Birds,
I much 9-oubt, becaufe I find that Nature does not alwaies keep, or c;>pe.rate after the fame method , in fmaller and bigger creatures. And
of this, we have particular In fiances in the Wings of feveral creatures.
For whereas, in Birds of all kinds , it compofes each of the Feathers of
which its Wing confifrs, of fuch an exceeding curious and moft admirable
and fiupendious texture, as I elfe where fbew, in the Obfervations on a
Feather; we find it to alter its method quite, in the fa brick of the Winge
of thefe minute creatures, compofing fome of thin extended membranes
J
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ot fkins, fuch as the Wings of Dragon-flys ; in others, tliofe fkins:are all.
over-grown, or pretty thick befiuck, with lhort bri!les~ as in Fldh-flies ;
in others, thofe filmes are covered, both on the upper and under fide,
with fmall Feathers, plac'd almofr like the tyles on a Houfe, and are
curioufly rang'd and adorn'd with mofi lively colours, ns· is obfervable in Butter-flies, and feveral kinds of Moths; In Qthers, infread of
their films, Nature has provided nothing, but a. matter of half .a fcore
fralks(if I well remember the number; for I have not lately met with any,
ofthefeftys_,anddid not;when Ifirfiobferv'd them, take fufficientnotice
of divers particulars) and each of thefe fialks, with a few fingle btanchings on each fide, refembling much the branched back-bone of a I-Jerring
or the like Fifh, or a thin ha.i.r'd Peacocks feather; the top or the eye
being broken off. With a few of thefe on either fide(which it was able to
fbut up or expand at pleafure, much like a Fann, or rather like the po·
fiure of the feathers in a wing, which ly all one under another, when
fbut, and by the fide of each other, when expanded) this pretty little
grey Moth (for fuch was the creature I obferv'd, thus wing'd) could ve·
ry nimbly, and as it feem'd very eafily move its corp11[cle, through the
Air,from place to place. Other Infetls have their wings cas' d, or cover'd
over, with certain hollow lhells, ihap'd almofi like thofe hollow Trayes,
in which Butchers carry meat, whofe hollow fides being turn'd downwards, do not only fecure their folded wings fi-om injury of the earth,
in which mofi of _thofe creatures refide, but \yhiifi.tpe:r fly, fqves as a.
help to fufiain and bear them up. And th~fe are obfervable in sc~taheei
and a multitude of other terrefirial cr11(iaceom Infects ;. in which may
yet further obferve a particular providence of Nature.
Now in all thefe kind!! of wings, we obferve this partiCular, ~s a thing
mofi worthy remark; that where ever a wing coufifi:s of difcontinued
parts, the Pores or intcr{iitia between thofe pa'rts are very feldom, either
much bigger,or much ffnaller, then thefe which we here find between the
potrticles of thefe brufhes, fo that it fhould feem to intimate, that the
parts of the Air are!i.1ch, that they will not eafilyorreadily,if at gJl, pafs
through thefe Pores, fo that theyfeem to be firainers fine enough to hin·
der the particl~s of the Air (whether .hinder·d by their bulk, or by their
•gitation, circulati~n, rotation or 11nd11lation, I fhall not here determine)
from getting through them,and,by that means,ferve the Animal as well)£
not better, then if they were little films. I fay., if riot better, becaufe I
have obferv·d that all thofe creatures, that havefilm'd wings, move them
aboundantly quicker and more firongly,fuch as all kind of Flies and. Sea..
r~thee.r and Batts, then fi1ch as have their wings covered with feathers, as
Butter-fiies and Birds, or twiggs, as Moths, whioh have each of them a
much flower motion of their wings; That littleruggednefs perhaps of
their wings helping them fomewhat,by taking better-hold of the parts of
the Air, or not fuflering them fo eafily to patS by, any.other.way then oncr.
But w·h at ever be the reafon ofit, 'tis mofi eviden~ that the fmooth
wing·d Infects have the firongefl: Mufcles or movent parts of theu wings,
and the other much weaker; and this veq Infect we ~·e, no~v de~rJbing,
had

we
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had a very fmall thorax or middle part of his body, if compar'd ro the
length and number of his wings; which therefore, as he mov'd them ve•
flowly,fo mufr he move them very weakly. And this lafr propriety do
we find -fomewaat obferv'd alfo in bigger kind of Flying creatures,Birds;
fo that we fee that the Wifdom and Providence of the All-wife Creator
is not lefs·{hewn in thefe fmall defpicable creatures, Flies and Moths:
which we have branded with a name ofignominy, calling them V ermine
'
then in thofe greater and more remakable animate bodies, Birds.
· I cannot here ftand to add any thing about the nature of flying
though, perhaps, on another occafion, I rna y fay fomething on that fub~
jeer, it being fuch as may deierve a much more accurate examination and
fcrutiny then it has hitherto met with; For tome: there feems nothing
wanting to make a man able to fly, but what may be eafily enough fupply'd from the Mechanicks hitherto known, fave onely the want of
firength, which the Mufcles of a man feem utterly uncapable of, by rea·
fon of their fmalnefs and texture, but how even fl:rength alfo may be mechanically made, an artificial Mufcle fo contriv'd,that thereby a man fhall
be able to exert what ftrength he pleafes) and to regulate it alfo to his
own mind, I may elfewhere endeavour to rnanifefr.

ry

Obferv. XLV I I.
Spider.

Of the Shepherd Spider, or long legg'd

THe Carter,Shepherd Spider,ot long-legg'd Spider,has, for two particularities, very few fimilar creatures that I have met with ; the firfr,
which is difcoverable onely by the Microfcope, and is in the firfr and 1ceond Fig1tres of the 31. scheme, plainly defcrib:d, is the curious contri·
vance of his eyes, of which (differing from m'ofr other Spiders) he has
onely two, and thofe plac' d upon the top of a fmall pillar or hillock,rifing
out of the middle of the top of its back, or rather the crown of its head,
for they were fix' d on the very top of this pillar (which is about the
heighth of one of the tranfverfe Diameters of the eye, and Iook'd on in
another pofiur<!,appear'd much of the fhape, BCD) The two er.es, · B B,
were placed back to back, with the tranfparent parts,or the pupils, looking towards either fide, but fomewhat more forward then backwards.
C was. the column or neck on which they fiood, and D the c~own of the
head out of which that neck fprung.
Thefe eyes,to appearance, feem' d to be of the very fame fl:ruCl:ure with
that of larger binocular creatures, feeming to have a very fmooth and ve•
ry protuberant Cornea,and in the midfr of it to have a very black pupil,
incompaffed about with a kind of grey Iril, as appears by the Figure ~
whether it were able to move thefe eyes to and fro, I have not obferv' d,
but 'tis not very likely he fhould,the pillar or neck C, feeming to be co~
ver'd and fiiffen'd with a c:rufry ilicll; but Nature,in probability~hasfupply'd
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ply'd that defefr, by making the Cornea fo very protubc:rant, and fetting
it fo c!ee~ above the fhadowing or obftructing cfits profpecc by the body :J
that 'tts like Iy each eye !Jlay perceive,though not fee difiinCl:Jy, alrhofi a
HemifPhere, ~~c:nt~ havmg fo fmall ~nd touhd a body plac'd upon fucn
long 1eggs, I_t Is qmckly able fo to wmd, and turn it, as to fee any thing ,
difiinct. Th1~ creature, as do all other Spiders I have yet exatnin' d, does
very much dtffer from moft other Infects in ,the Figure of its eyes; for
I cannot, with my heft Micr~(cope, difcove.r its eyes to be any ways
knobb'd or pearl'd like thofe of other InfeCts.
.
The fecond Peculiarity which is obvious td the eye, is alfo very te~
markable, and that is the prodigious length of its Ieggs, in proportion to
its fmall round body, each Iegg of this I drew, being above fixteen times
the length of its whole body, and there are fome which have them yet
longer, and others that feem of the fame kind,that have them a great deal
fborter; the eight Ieggs are each of them jointed, jufi: like thofe of a
Crab, b.ut every ~of the parts are ·fpun out.prodigioufly ,longer in pro~
portlon; each of thefe le~gs are terminated in a fniall cafe or £hel1,fbap'd
almofi: like that of a Muile-fhell, as is ev·ident in the third Figure· ofthe
fame Scheme (that reprefents the appearance ofthe under part or belly
ofthe creature) by the fhape of the protuberant conical body, I I I I, &c,
Thefe are as 'twere plac'd or fafien'd on to the protuberant body of the
Infect, which is to be fuppos'd very high at M,making a kind ofblunt cone
whereofM is to be fuppos'd the Apex;· about which greater cone of the
body ,the fmaller cones of the Ieggs are plat:' d,each of them almoft reach~
ing to the top info admirable a man·ner, as does not a little manifefi: the
wifdom of Nature in the contrivance; for thefe long Leavers (as l tnay fo
call them)of the legs)havingnot the advantage 9fa long end on the other
fide of the hypo1llochlion or centers on which the parts of the Ieggs move;
muft necefi~nily require a vail: firength to move them, and keep the
body ballanc'd and fufpended, info much, that if we ihould fuppofe a
man's body fufpended by fuch a contrivance, an hundred and fifty
times the ftrength of a man would not keep the body from falling bn the
breafr. To fupply therefore each of thefe Ieggs with its proper firength,
Nature has allow'd to each a large Chefi: or Cell, in which is included a
very large and ftrong Mufcle, and thereby this little Animal is ndt onely ,
able to fufpend its body upon lefs then thefe eight, but to move it very
fwiftly over the tops of grafs.and leaves. .
...
.
,
.·
·Nor are.thefe eight Ieggs fo proaigiouily 1Dn~, but th_e. 1 nibt~) and
tenth~ which are the two claws, K K, are as ilion; and ferve .in freed of a
probt{cis, forthofe feem'd very little longe~thenpjsm~u~h;e~~h~f.them 1
had three parts, but very fhort, the jmnts K K~ Which teprefented
the third' being· tonger then both the other: · This' creature,: feents ' t
(which I have fe~eral tim~s with pl~afure ~bfery~~) ~o th~d.~ if$ l>o_dy
upon ~he prey, mfree?'of Its hand~, not unh~e a.?untmg Sp~dtrl' ~htch
leaps hke a Cat at.a Moufe. The whole Fabnck was a very pfet~yone,
an~ coulq ~ ?ave _dii[~~ed it?l do1:1bt not but l tbould have fournd as '?a'"
ny hngularmes withm it as wtthout,perhaps, for the moft part,not unlike
the-

200

M IcR0

G R A H p I A.

the parts of a Crab, which this little creature does in many thin_gs, very
much refemble; the curiofityof w hofe contrivance,! have in another place
examin'd. I omit the defcription of the horns, A A, of the mouth, L L5
which feem' d like that of a Crab ; the fpecklednefs of his lbell, which
proceeded from a ki~d of feathers or hairs? and the hai~·inefs. of. his Ieggs,
bis large thorax and httle belly, and the hke, they bemg mamfefted by
theFigure; and lball onely take noti~e th~t the three parts ofthe body,
namely, the head,breafr,and belly,are m thts creature frrangely confus"d,
fo that 'tis difficult to determine which is which,as they are alfo in a Crab;
and indeed, this feems to be nothing elfe, but ,:iln Air-crab, being made
more light and nimble, proportionable tO the mediUIJJ Wherin it refides;
and as Air feems to have but one thoufand th part of the body ofWater/o
does this Spider feem not to be a thoufandth part of the bulk of a Crab.

Obferv. X L VI I I. Of the hunting Spider,andfeveral other forts
uf Spid_ers.
THe hunting Spider is a fmall grey Spider, prettily befpeck'd with
blac\\ fpots all over its body, which the Microfcopc difcovers to be a
kind of [fathers like thofe on Butterflies wings, or the body of the'
white Moth I lately defcrib'd. Its gate is very nimble by fits, fometimes·
r!Jnning, anc;l fometimes leaping, like a Grafhopper almoft,then iH.ndings
fiilJ, and fetting it felf on its hinder leggs, it will very nimbly turn its
body, and look round it felf every way: It bas ftx very confpicuous
eyes, two looking direltly forwards, plac'd jufr before; two other, on
either fide of thofe, looking forward and fide-ways;and two other about
the middle of the top of it§ back or head, which look backwards and
fide-wards; thefefeem'd to be the biggefi. The furfaceofthem all Was ·
very black,fpb~rica1, purely polifb'd, refteCl:ing a very deer and Hifrin6t
Image of all the ambient objects, fuch as a window,a man's hand,a white
Paper, or the like. Some other properties of this Spider, obferv' d by the '
mofr accumplifh'd Mr. Evelp:, in his travels in lt'll/y, are mofr emphatically fet forth in the Hifiory hereunto annexed, which he was plea-s'd .
' upon my defire to fend me in writing.

Of all·the forts of Infetls, there is none has afforoed me
more divertifements then the -Venatores; which are a. fort of Lup~,
that have tqeir Denns in the rugged walls, and :crevias. of our.
hpufes ~a fmall brown ·cand delicately fpotted kind of Spider~?
whofe hinder leggs are longer then the refi:.
Such I did frequently obferve at Rome; which efpying a Fl:y:
at: three ~r four yards diftance,upon the.Balcony (wh~r~ l ftMd) ~
.
~~d
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would not make directly to her, but craul under ~he Rail, tilt
being arr iv'd to the Antipodes, it would freal up, feldom miffing.
its aim; but if it chanced to want any thing of being perfectly
oppofite,would it firfr peep, immediatly fiide down. again, till
raking better notice, it would come the next ti~e e tactly upon
the Fly's back: But, if this hapn'd not to be within a competent leap, then would this Infect move fo foftly, as the very
fbadow of the Gnomon feem'd not to be more imperceptibl~,
unlefs the Fly mov'd; and thc:n would the Spider move alfo in
the fame proportion, keeping that jufr time with her mbtion,as
if the fame Soul had animated both thofe little bodies ; and
whether it were forwards, backwards, or to either fide, without
at all turning her body, like a well mannag'd Horfe: But, if
the capricious Fly took wing, and pirch'd upon another place
behind our Huntrefs, then would the Spider whirle its body fo
nimbly about, as nothing could be imagin~d lflote fwift ; by
which means,fhe always kept the head towards her prey·,though
to appearance, as immovable, as if it had been a Nail driven
into the Wood, till by that indifcernable progrefs (being arriv'd within the fphere qf her reach) ihe made a fatal leap .
(fwift: as Lightning) upon the Fly, catching him in ·the pole,
where fhe never quitted hold till her belly was full, artd then
carried the remainder home. I have beheld them inftructing
their young ones, how to hunt, which they would fometimes
difcipline for not well obferving; but, when any of the old
ones did (as fometimes) mifs a leap, they would run out of
the field, and hide them in their crannies, as affiam' d; and·
haply not be feen abroad for four or five hours aft~r ; for fo
long have I watched the nature of this ftrange Infe:ct, the ton-~
remplation of whofe fo wonde~full fagacity artd ad~refs has
amaz'd me; nor do I find in any chafe. whatfoever, rvore c'unning and Stratagem obferv'd: I have found fome of thefe Spi..
ders in my Garden, when the weather (towards the Spring)
E e
1s
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is very hot, but they are nothing fo eager of hunting as they

are in lta!J.
There are multitudes of other forts of Spiders, whofe eyes, and moll:
other parts and properties, are fo exceedingly different both from thofe
I have defcrib'.d, and from one another, that it would be almofi: endlefs,
at leafi: too long for my prefent Efiay, to defcribe them,as fome with fix
eyes, plac'd in quite another order ; others with eight eyes; others with
fewer, and fome with more. They all feem to be cre.atures o( prey, and
to feed on other fmall Infefrs, but their ways of catchmg them feem very
differing : the Shepherd Spider by running on his prey; the Hunting Spider by leaping on it,other forts weave Nets, or Cobwebs, whereby they
enfnare them, Nature having both fitted them with materials and tools,
and. tapght them how to work and weave their Net-s, and to lie perdue, and to watda diligently to run on any Fly, as foon as ever entangled.
Their thread; or web feems to be fpun out of fome vifcous kind of
excrement, lying in their belly, which, though foft when drawn out, is,
prefently by reafon of its fmalnefs, hardned and dried by the ambient
Air. Examining feveral of which with my 11-ficroflope,I found them to appear much like white Horf-hair, or fome fuch tranfparent horny fubfiance,
. and to be of very differing magnitudes; fome appearing as bigg as a
Pigg's brifle, others equal to a HorfS-hair; other no bigger then a man's
hatr; others yet fmaller and finer. I obferv· d further, that the radiating chords of the web were much bigger, and fmoother then thofe that
were woven round, which feem'd fmaller,and all over knotted or pearI'd,
with fmall tranfparent Globules, not unlike fmall Cryfial Beads or feed
Pearls, thin firnng on a Clew ofSilk; which, whether they were fo fpun
by the Spider, or by the adventitious moifiure of a fogg (which I have
obferv' d to cover all thefe filaments with fuch Cryfialline Beads) I will
not now difpute.
Thefe threads were fome of them fo fma11, that I could very plainly,
with the Microfcupe, difcover the fame confecutions of colours as in a
l'rifme, and they feem' d to proceed from the fame caufe with thofe colours which I have already defcrib' din thin plated bodies.
Much refembling a Cobweb, or a confus'd lock of thefe Cylinders, is a certain white fubfiance which, after a fogg, may be obferv'd
to fly up and down the Air; catching feveral of thefe, and examining
them with my Microfcupe, I found them to be much of the fame form,
looking mofi like to a flake of Worfied prepar'd to be fpun, though
~y what means they fhould be generated, or produc'd, is not eafily
JII?agined: they were of the fame weight, or very little heavier then the
Atr; and 'tis not.unlikely, but that thofe grut white clouds, that appear
all the-sununer time, may be of the fame fubfiance.
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Obferv. X L I X. Of 4n. Ant or Pifmire.
His was a creature, more troublefo~ to be. drawn, then any of t~~
refi, for I could not, for a good whtlet, tlunk of a way to make It
fuffer its body to ly quiet in a natural pofiure; bilt whil'-fi it was alive
if its feet were fetter'd in 'vVax or Glew , it would fu twifi: and wind it~
body, that I could not ~my wayes ge~ a good view of it ; and if I killed
it, its body was fo little, that I did often fpoi!ethe,fhape of .it. before I
could throughly view it: for this is the nature: of thefe minute Bodies,
that as foon,almofi, as ever their life is defl:roy'd, their parts immediate"'
ly fbrivel, and lofe their beauty; and fo is it alfo with ·finall Plaots, as I
infianced before, in the defcription ofMofs. And thence alfo is the rea•
fon of the variations in the beards of wild Oats, and in thofe of Mufkgrafs feed, that their bodies, being e)_{ceeding fmall, thofe fmall variations
which are made in the fi.ufaces of all bodies) aJmoH upon every change
of Air, efpecially if the body be porous; do here become fenGble, where
the whole body is fo fmall, that it is almofi nothing but furface; for as in
vegetable fubfiances, I fee no great reafon to think~ that the moifiure of
the Aire(that,fiickingto a wreath'd beard, dod makeituntwifi)1nould
evaporate, or exhale away, any fafier then the 'moifiure of other bodies,
bu.t rather that the avolation from, or aced~ of moifl:ure to, the furfaces
of bodies being much the fame, thofe bodies become mofl: fenfible of ir,
which have the leafi proportion of body to their furface. So is it alfo
with Animal fttbfi:ances; the dead body of an Ant, or fuch little creature,
does ·almofi infiantly fhrivel and dry, and your objetl: fhall be quite an-other thing, before you can half delineate it, which proceeds not from the
extraordinary exhalation, but from thefmall proportion ofbody and juit
ces, to the ufual drying of bodies in the Air, efpecially if warm. For
which inconvenience, where I could not otherwife remove ir, I thought
<>fthis expedient. .
·
I took the creature, I had defign'd to delineate, and put it into a drop
ofvery well retl:ified fpirit ofWine,this I found would prefently difpatch,
ras it were, the Animal, and being taken out of it, and Iay'd on a paper,
the fpirit of Wine would immediattly fly away, and leave the ,Animal
ry, in its natural pofiure, or at leafi, in a conititution, that it might eafily with a pin be plac'd, in whatpofiure you defired to draw it, and the
limbs would Co remain, without either moving, or fhriveling. And thus I
'dealt with this Ant, which I have here delineated, which was one of many, of a very large kind, that inhabited under the Roots of a Tree, fi·om
whence they would fally out in great parties, and make mofi grievous
havock of the Flowers and Fruits, in the ambient Garden, and return
back again very expertly, by the fame wayes and paths they went. .
It was more then half the bigrrefs of an Earwtg, of a dark brmyn, or
reddifh colo11r, with long legs, on the hinder of which it would £land
E e J
up,

T

MtcROGRAPHIA.
up and raife its head as high as it could above the ground, that it might
{ta~e the further about it, jufi after the Gme manner as I have alfo ob!"
ferv'd a hunting Spider to do: and putting my finger towards them
they have at firfi all run rowardsit,till alrnoif at it; ana then they would
fiand round about it, at a certain difrance, and fmell, as it were, and confider whether they ihould any of them venture any further, till one morebold then the refi venturing to climb it,all the refi, ifl would have fufierc:d them, would have immediately followed: many fuch other feemingly rational actions I have obferv' din this little Vermine with much plea- ·
fure,which would be too long to be here related; thofe that defire more
of them may fatisfie their curiofity in Ligom Hifiory of th~ Barbadoe.r.
Having infnar' d feveral of thefe into a fmall Box, I made choice of the
tallefi grown among them, and feparating it from the refi,I gave it a Gill
of Brandy, or Spirit of Wine, which after a while e'en knock'd him down
dead drunk, fo that he became movelefs, though at firfr putting in he
firuggled for a pretty while very much, till at lafi, certain bubbles ifiuing out of its mouth, it ceafed to move; this (becaufe I had before
found them quickly to recover again, if they were taken out prefently)
I fuffered to lye above an hour in the Spirit; and after I had taken it
our, and put its body and legs into a natural pofture, remained movelefs about an hour; but then , upon a fudden, as if it had been awaken out of a drunken fleep, it fuddenly reviv'd and ran away; being caught, and ferv' d as before, he for a while continued firuggling and
firiving,till at Iafr there i1fued feveral bubbles out of its mouth,and then,
tan']U.tm animam expiraj{et, he remained movelefs for a good while ; but
at length again recovering, it was again redipt, and fuffered to l}'e fome
hours in the Spirit; notwithfranding which, after it had lay en dry
fOme three or four hours, it again recovered life and motion : Which
kind of Experiments, if profecuted, which they highly deferve~ feem
to me of no inconfiderable ufe towards the invention of the Latent
scheme, (as the Noble FerHiam calls it) or the hidden, unknown Texture
of Bodies.
Of what Figure this Creature appear'd through the Mic,rofl:ope, ,the
32. 8che111e (though not fo carefully graven as it ought) will rt>prefent to the eye, namely , That it had a large head A A, at the llpper
end of which were two protuberant eyes, pearI'd like thofe ot Fly;,
but fmaller B B ; out of the Nofe,or foremofr part, Hfued two ho~ns C C,
of a ihape fufficiently differing from thofe of a blew Fly, though indeed
they feem to be both the fame kind of Organ, and to ferve for a kind
of 1inelling; beyond thefe were two indented jaws D D, which he c..
pen'd fide-wayes, and was able to gape them afundar very wide; and
the ends of them being armed with teeth, which meeting wentbetween
each other, it was able to grafp and hold a heavy body, three or four
times the bulk and weight of its own body: It had only fix legs, iliap,d
like thofe of a Fly, which, as I ihewed before, is an Argument that it is a·
winged Infect, and though I could not perceive any fign of tl}em in the
middle part of its body (which feem' d to coofift of three joints·or pieces
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ces E F G, out of which fprung two legs; ·yet 'tis known that there are
of them that have long wings, and fly up and down in the air.
The third and lafl: par~ of. its bod.y , I I was . bigger and larger theQ
the other two, unto which It was J0Yn d by a very fmall middle and
had a kind of loofe £11ell, or another difl:inGt part of its body f,J Which
feem'd to be interpos'd, •md to keep the thorax and belly frodt touching.
·
The whole body was cas'd over with a very ll:rong armour; and the
belly I [I was covered likewife with multitudes of ftnall white fuinitlg
brifles ; the legs, horns, head, and middle parts of it~ body wete befl:utk
with hairs alfo, but fmaller and darker.

!
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Obferv • L. Of the wanc(ring Mite~
N September and O[/ober, 1661. I obferv·d in Oxfordfeveralofthefe
little pretty Creatures to wander to and fro,and often to travel over
theplainsof my Window. And in Septefllber andotlober. 1663. I ob·
ferv'd likewife feveral of thefe very fame Creatutes traverfing a window
at London, and looking without ~he wind?w upon the fubjacent wall, •
found whole flocks of the fame kmd runmng to and fro ambng the fmall
groves and thickets of green mofs~ and upon the curioufly fpreading ve-'
getable blew or yellow mofs, which is a kind of a Mufhrome or Jews..
ear.
Thefe Creatures to the naked eye feemed to be a kind of black Mite,
but much nimbler and {l:ronger then the ordinary Cheefe-Mites; butl
examining them in a Microfcope, I found them to be a very fine crufred
or iliell'd Infeer, much like that reprefented in the firfl: Figure of the
three and thirtieth Scheme, with a protuberant oval fbell A, indented
or pitted with an abundance of fmall pits ; all covered over with little
white briHes, whofe point~ all direCted backwards.
It had eight legs, each of them provided with a very fharp taJlon, ot
claw at the end, which this little Animal, in its going, fafrned into the'
pores of the body over which it went. Each.of thefe legs were befl:uck
in every joynt of them with multitudes of fmall hairs, or ( if we refpefr the proportion they bore to the bignefs of the leg) turnpikes, all
pointing towards the claws.
. The Thorax,or middle parts of the body of this Creature, was exceed·
ing fmall, in refpefr bothofthe head acd belly, it being nothing but
that part which was covered by the two fhells B B, though it feem' d to
grow thicker underneath : And indeed, if we confider the great
variety· Nature ufes in proportioning the three parts of the body1
the Head, Thorax, and Belly ) we fball not wonder at the fmall proportion of this Thorax, nor at the vafter bulk of the belly, for could
we exafrly anatomife this little Creature, and obferve the particular de~
figns of each part, we fhould doubtlefs, as we do in all her more ma.-.
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nageable and tractable fabricks, find much more reafon to admire the
excellency of her contrivance and workmanfhip, then to wonder, it was
not made otherwife.
Thehead of this little InfeCt was fhap'd fomewhat like aMite's, that
is,it had a long fnout, in the manner of a Hogs, with a knobbed ridge
running along the middle of it, which was befi:uck on either fide with
many fmall brifles, all pointing forward, and two very large pikes or
horns, which rofe from the top of the head, jufi over each eye, and
pointed forward alfo. It had two pretty large black eyes on either ftde
of the head E E, from one of which I could fee a very bright refleltion ·
of the window, which made me ghefs, that the Cornea of it was fmooth,
like thofe of bigger Infects. Its motion was pretty quick and fi:rong,
it being able very eafily to tumble a fi:one or clod four times as big as its
whole body.
_
At the fam~ time and place, and divers times fince, I have obferved
with my hficrojZope , another little InfeCt, which, though I have not annexed the picture of, may be worth noting, for its exceeding nimblenefs
as well as fmalnefs; it was as fmall as a Mite, with a body deep and
ridged, alrnofi: like a Flea ; it had eight blood-red legs, not very long,
but ilender; and two horns or feelers before. Its motion was fo exceeding quick, that I have often loft fight of one I have obferved with my
naked eye ; and thongh, when it was not frighted, I was able to follow
the motions of fome with my Jl,ficrofcope ; yet if it vvere never fo little
fiartled, it pofi:ed avvay vvith fuch fpeed, and turn'd and vvinded it felf
fo quick, that I fhould prefently lofe f:~ght o(it.
When I firil: obferv' d the former of thefe Infects, or Mites, I began to
conjeCture, that certainly I had found out the vagabond Parents of thofe
Mites we find in Cheefes, Meal, Corn, Seeds, mufiy Barrels, mufi:y Leather, &c. thefe little Creatures, vvandring to and fro every vvhither,
might perhaps, as they vvere invited hither and thither by the mufi:y
fieams of feveral putrifying bodies, make their inv.afions upon thofe new
and pleating territories , and there fpending the remainder of their life,
which might be perhaps a day, or thereabouts, in very plentiful and riotous living, might leave their off-fpring behind them, which by the
change of the foil and Country they now inhabite, might be quite alter'd from the hew Gf their primogenitors, and, like Mores tranOated into
Northern E11ropean Climates, after a little time, change both their skin
and fhape. And this feems yet more probable in thefe InfeCts, becaufe
that the foil or body they inhabit, feems to be almofi: half their parent,
for it not only hatches and brings thofe little eggs, or feminal principles,
to perfeCtion, hut feems to augment and nourifb them alfo before they
are hatch'd or fhaped; for it is obvious enough to be obferv'd, that the
eggs of many other Infects, and particularly of Mites, are increas'd in
bulk after they are laid out of the bodies of the Infects, and plump'd
fometimes into many time~ their former bignefs , fo that the bodies they
are laid in being, as it were, half their mothers, we ihall not wonder that
it fhould have fuch an active power to change their forms. We find by
relations,
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relations how much the Negro Women do befmeer the of-fpr-ing of the
sp.miard, bringing forth neither white-ikir:m'd nor olackJ but tawuy
hided Mulattos.
Now, though I propo1.1.nd this as. probable, I have fl()t yet beeh fo faxr
certifi d by Obferv~tio~1s as to con dude any thing, ~.\ther po6ti¥ely d.t
negauv.ely,conc:rnmg.JJ. Perh.aps:Jomemore lucky diligence tnay plenfe
the cunous Iflqmrer wnh the dt[covery of this,.to be a tt:uth, which I now
conjeCture, and may thereby _give him a fatis.facrory account of tee;: caq(e
of thofe creatures, whofe ongwal feems yet fo obfcnre, apd may give him
caufe to bdieve,that many other animate beings, that fe:em ulfo to b~ the
mere prod net of puuifa[tion, may be innob}ed with n Pedigree- as unci-.
ent as the firfl: creation, ~nd farr e)rceed the greatelt beings in theiP nu..
merous Genealogies. But on the other fide, jf it iliould be fqund that
thefeJor any other animate body,have no immediate fimilar.Partlnt,I have
in another place fet down a <;anjectural H;pothejh whereby thofe P/J18..,
nomena may likely enough be folv'd, wherein the infinite ·wifdotnand
providence of the C~;eator is no lefs rare rlnd wonderfilll,

Obfery. L I. Of the Crab-like lnfe~.
Eading one day in Septemb. I chanced to obf~rve a very fm4ll cr~ature
creep oYer the Bock I was reading, very Oowly; having a Microfcepe
by me,I obferv' d it to be a creature of a very unufi1al form,and that not
Jefsnotable; fuc? as is defcrib'd j~ ~h~ fecond,Figure of th~.33· Bcfoepu. It
was.about the b1gnefs of a-large Mtte~or famewhat lohger,tt hnd ten. legs,
eight of which, A A A A, were topt with veryfharp claws, and were thofe
upon which he walk' d, teeming ihap' d much like thofe of a Crab, which
in many other things alfo this little creature refembled ; for the two
other claws,B B, which were the formoft ofall the teo,and feem'd to grow
out of his head,like the horns of other Animals, were exaCl:Iy form' din the
manner of Crabs or Lobfiers claws, for they were fhap'd and jointed
much like thofe reprefened in the Scheme;and the ends of them were furnifh'd with a pair ofclaws or pincers,C C,which this little ~nimal did open
and fhut at pleafure : It feem'd to make ufe of thofe two horns or claws
both for feelers and holders ; for in its motion it carried the[e aloft ex..1
tended before, moving them to and fro, jufi as a mau blindfolded
would do hi~ hands when he is fearfull of running againfi u wall, and if 1
put a hair to it, it would readily take hold of it with thefe claws,
and feem to hold it fafi. Now, though thefe horns feem'd to ferve him
for two ufes,namely,for feeling and holding; yet he feern' d neither blind,
having two fmall black fpots, D D, which by the make of them, and the
bright reflection from them feem' d to be his eyt:s; nor did it want other
hands, having anothet pair of claws, E E, very neer plac'd to its mouth,
and feem' d. ad joining to it.
The whole body was cafed over with nrmour·fi1ells, as 4 ufuall in-all
thof-:
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thofe kinds of cru.ftaceous creatures, efpecially about their beliies, and
feem'd of three kinds; the head F feem'd cover'd with a kind of fcaly
fhell, the thtmt.x with two fmooth ibells) or Rings, G G, and the be1ly
with eight knobb' d ones. I could not certainly find whether it had under
thefe lafi fbells any wings, but I fufpetl: Jhe contrary_; for I have not found
any wing'd Infetl: with eight Ieggs, two of thofe Ieggs being always conv~rted into wings, and, for the moll: part, thofe that have but fix, have

wmgs.
This creature, though I could never meet with more then one of
them, and fo could not make fo many examinations of it as otherwife I
would,! did notwithfianding,by reafon ofthe great curiofity that appear' d
to rne in its fbape,delineate it, to fhew that,in all likelihood, Nature had
crouded together into this very minute Infetl:, as many, and as excellent
contrivances, as into the body of a very large Crab, which exceeds it in
bulk,perhaps,fome Millions of times; for as to aH the apparent parts:there
is a greater rather· then a lefs multiplicity of parts,each legg has as many
parts, and as many joints as a Crabs, nay,and as many hairs or briDes; and
the like may be in all the other vifible parts; and 'tis very likely ,that the
internal curiofities are not lefs excellent : It being a general rule in Nature's proceedings, that where fhe begins to difplay any excellency, if
the fubjetl: be further fearch'd into, it will manifefi, that there is not Ids
curiofity in thofe parts which our fingle eye cannot reach, then in thofe
which are more obvious.

Obferv. L I I. Of the [mall Silver-colour'd Book-worm.
S among greater Animals there are many that are fcaled, both for
ornament and defence, fo are there not wanting fuch alfo among the
leffer bodies of InfetfsJ whereof this little creature gives us an lufiance.
It i a fmall white Silver-fhining Worm or Moth, which I found much converfant among Books and Papers, and is fuppos' d to be that which corrodes and eats holes through the leaves and covers; it appears to the
naked eye, afmall glifrering Pearl-colour' d Moth, which upon the removing of Books and Papers in the Summer, is often obferv'd very nimbly to
feud, and pack away to fome lurking cranney, where it may the better
protect it {elffrom any appearing dangers. Its head appears bigg and
blunt, and its body tapers from it to wads the tail, fm;tller and finaller,being fhap'd almoft like a Carret.
This the Microfcopical appearance will more plainly manifefi,which exhibits,in the third Figura of the 33· scheme, a conical bvdy, divided into
fourteen feveral partitions,being the appearance of fo many feveral fhels,
or fhields that cover the wholo body, every of thefe fhells are again cover'd or tiled over with a multitude of thin tranfparent fcales, which,
from the multiplicity of their refletfing furfaces,.make the whole Animal
appear of a perfect Pearl-colour.
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Which,by the way,~ay hint us t~e reaf~n of that fo m~c~ ·adfbil:ed.ap~
pearance of thofe fo h1ghly efl:eem d bod_1es, as ·alfu.of the Itk.e 10 mother
ofPearl-fhells, and i? multitu~es o.f other fhelly ·Sea-fubfi~nces; for they
each of them confiftmg of an tnfimte number of very)_ dim fhells- or laminated orbiculations, 'caufe fuch multitudes ofrefted'ions, that.il1e cbrnpofitions of them together with the rdleCl:ions of others that a.re to_thin
as to afford col oms (of which I elfewhere give, tbe r.eafon) giv.es a ve•
ty pleafant refteC'rion of light. A.nd that. this is 't he t-rue caufe/eerns likely;
firfi, becaufe all thofe fo appeanng bod1es are compounded ofmdltitudes
of plated fubfiances. And next that~by ordering any trafpareot fubfian'ce
afterthismanner,the like rl.enoiJI:cna may be produc'd,; this willbe.made
very obvious by the blmving of Glafs into exceeding thin fbell&, Jand
then breaking them into fcales,which any lamp'-\votker,will pretently do;
for~ a good quantity of thefe fcales,laia in a heap together,have much the
fame refemblance of P~arls. Another way, not lefs infl:ruCl:ive and pleafant, is a way which I have fevcral times done, which is by working and
toffing,as 'twere, a parcel of pure cryfialline glafs whilfi it is kept glowing
hot in the bl?wn ftame~f.a Latpp,.f~rbb~ t~;lt1 rn~f11s,that purely tranfparent body will be fb dtvJded mfo an lnfimte 1illfuher of plates, or fmall
firings, with interpos'd aerial plates an~ fibres, that from the multiplicity
of the refletl:ions fl-om each of thofe internal furfaces, it may be drawn
out into curious Pearl-like or Silver wire, which though fmidl, will yet
be opacous~; the fame thing I have done. with a compofition of red Colophon and 11trpentinc, and a little Bee's Wax, and may be done li.k~wife
with Birdlime, and fuch like glutinous and tranfparent bodies: But tore•
turn to our defcription.
The fmall blunt head of this Infect was fiunifh' d on either fide of it
with a clufter of eyes, each of which feem'd to contain 'but a very few, in
comparifon of what·I had obferv' d the clufl:ers of other Infects to abound
with 5 each of thefe clufl:ers were befet with a rm~ of fmall brifles, much
like the cilia or hairs on the eye-lids, and, perhaps, they ferv'd for the
fame purpofe. It had two long horns before, which were fireight, and
taperingtowardsthe'top, curioufly ring'd or knohb'd) and brWed much
like the Marfh Weed, call'd Horfe-tavl, or Cats-tail, having at each knot
a fring' d Oirdle,as I may fo call it, of fmaller hairs, and fever a! bigger and
larger briiles,here and there difpers'd among them: befides thefe, it had
two ihorter horns, or feelers, which were knotted and fi·iog' d, jufi ag the
former, but wanted brilles, and were blunt at the en.d~ 5 the hinder part
of the creature was terminated with three tails, in every particular refembling the two longer horns that grew out of the head : The ~eggs of
it were fcal' d and hair' d much like the refr, but are not exprefs'd in this
FigHre, the Moth being intangled all in Glew, and fo the leggs of this
appear'd not through the Glafs which looked perpendicularly upon
the back.
This Animal probably feeds upon the Paper and covers ofBooks_, and
perforates in them feveral fmall round holes, finding, perhaps, a convenient nourilliment in thofe hulks of Hemp and Flax, which have pafs' d
F f
through

210

M IcR0

GR A p H

j

A.

through fo many fcourings, wa!hings,drdiings and dryings, as the parts
of old Paper muH necefi~uily have fuffer' d; the digeftive faculty ,it feems,
of thefe little creatures being able yet further to work upon thofe fiub ..
born parts, and reduce them into another form.
And indeed, when I confider what a heap of Saw-dufi or chips this
little creature (which i~ one of the teeth of Time) conveys into its in•
trals. I cannot chufe bur remember and admire the excellent contrivance
ofNature, in placing in Animals fuch a fire, as is continually nouri!hed and
fupply' d by the materials convey'd into the fiomach > and fomented by the
bellows of the lungs; and in fo contriving the mofr admirable fabrick of
Animals, as to make the very fpending and wafting of that fire, to be
infrrumtntal to the procuring and colletl:ing more materials to augment
and cheri£h it felf, which indeed feems to be the principal end of all the
contrivances obfervable in bruit Animals.

Obferv. L I I I. Of a Flea.
THe fireagth and beauty of this fmall creature, had it no other reJa..,
tion at all to man, would deferve a defcription.
For its firength, the Microfcope is able to make no greater difcoveries
ofit then the naked eye, but onely the curious contrivance of its !eggs
and joints, for the exerting that firength,is very plainly manifefred, fuch
as no other creature, I have yet obferv' d, has any thing like it; for the
joints of it are fo adapted,that he can~as 'twere,fold them iliort one within another,and fuddenly firetch,or fpring them out to their whole length,
that is, of the fore-leggs, the part A, of the 34· scheme, lies within B,
and B within C, parallel to, or fide by fide each other; but the parts
of the two next, lie quite contrary, that is, D without E, and E without F, but parallel alfo; but the parts of the hinder Ieggs, G, H and I,
bend one within another, like the parts of a double jointed Ruler, or
like the foot, legg and thigh of a man; thefe fix'leggs he ditches up al·
together, and when he leaps, fprings them all out, and thereby exerts
his whole ftrength at once.
But, as for the beauty ofit, the Microfcope manifefts it to be all over
adorn'd with a curitmfly poli!h'd fuit of fable Armour, neatly joiHted,
~md befet with multitudes of iliarp pinos, ilia p'd almoft like Porcupine's
Qllills, or bright conical Steel-bodkins ; the bead is on either fide beautify'd with a quick and round black eye K, behind each of which alfo
appears a fmall cavity, L, in which he feems to move to and fro a certain thin film befet'with many fmall tranfparent hairs, which probably may
he his ears; in the forepart of his head, between the two forc-leggs, he
. has two fmalllong jointed feelers, or rather fmellers, M M, which have
four joints,and are hairy, like thofe of fever:.~l other creatures; betweett
thefe, it has a fmall probofck, or probe':I N N 0, that feems to con1ifr of a
tube:t
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tube N N, and a tongue or_fucker 0, which I have perceiv'd him to flip
jn and out. Betides thefe, It has alfo two chaps or biters P P, which are
fomewhat like thofe of an Ant, but I could not perceive thetn tooth'd;
thefe were fhap'd very lik~ the blades of a pair of round top'd Scizers,
and were opened and ibut JUfi after the fame manner ; with thefe Infituments does this little bufie Creature bite and pierce the 1kin ~ and fuck
out the blood of an Animal,leaving the fkin inflamed with a fmall round
red fpot. Thefe parts are very difficult to be difcovered, becaufe, for
the mofi part, they lye covered between the fore-legs. There are many
other parti~ulars, ~hich, being m_ore obvious, and affording no great
matter of mformauon, I iball paf:s by, and refer the Reader to the Fi~
gure.

Obferv. L IV.

T

Of a Louft.

His is a Creature fo officious , that 'twill be known to every one at
one time Gr other, fo bufie, and fo impudent, that it will be intru..
ding it fclf in every ones company, and fo proud and afpiring withall,
that it fears not to trample on the befi, and affects nothing fo much as a
Crown; feeds and lives very high, and that makes it fo faucy, as to pull
any one by the cars that comes in its way, and will never be quiet till it
has drawn blood : it is troubled at nothing fo much as at a man that
fcratches his head, as knowing that man is plotting and contriving fome
rnifchief againfi it, and that makes it oftentime fculk into fome meaner
and lower place, and run behind a mans back, though it go very much
againfi the hair; which ill conditions of it having made it better known
then trufie.d, would exempt me from making any further ddcription of
it, did not my faithful MerCJtry, my Microfcope, bring me other information of it. For this has difcovered to me, by means of a very bright
light cafi on it, that it is a Creature of a very odd ibape ; it has a head
fbap·d like that exprefi in 3 5· scheme marked with A, which feems al·
moll: Conical, but is a little flatted on the upper and under fides, at the
biggefi part of which, on either fide behind the head (as it were, be·
ing the place where other Cre~tures ears ftand) are plac_ed its two ?lack
fbining goggle eyes B.B, look~ng backw~rds, and _fenced rou.nd. . .wuh fe·
veral fmall cilia or haus that tncompafs tt,fo that It feems thts Creature
has no very good forefight: It does not feem to have any eye-lids , and
therefore perhaps its eyes were fo placed, that it might the better cleanfe
them with its fore-legs; and per~aps this ~ay be the reafon_; why they
fo much avoid and run from the hght behmd them , for bemg made to
Jive in the ibady and dark recefies of the hair, and t~ence proba_bly their
~ye having a great aperture, the open and clear hght, efpecJally that
of the Sun, mufi needs very much o~end them; t<;> fe~ure thefe. eyes
from receiving OWlY injury from the hatrs through whtch It pnifes, tt has
F f ~
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two boms that grow before it, in the place where one would have
tho~ght the eyes ibould b~; each of ~hefe C C hat~ four joynts_, whi~h
·are fringed) as 'twere, With frnall bnlles, £i-orn whtch to the tip of us
fpout 0, the head feems very round and tapering, ending in a very
fbarp nofe D, which feems to have a fmall hole, and to be thedaffage
.-hrough which he fucks the blood. Now whereas if it be plac' on itS
back) with its belly upwards, as it is in the 3 5· s~hum, it. feems in feve- .
ral Pofitions to have a refemblance of chaps, or Jaws, as Js reprefented
in the Figure byE E, yet in other pofrures thofe dark frrokes difappear;
and having kept feveral of them in a box for two or three dayes) fo that
_fur all that time they had nothing to feed on, I found, upon letting one
creep on my hand, that it immediately fell to fucking, and did neither
feem to thrufi its nofe very deep into the fkin, nor to open any kind of
mouth, but I could plainly perceive a fmall current of blood~ which
came direCtly from its fnout, and pall: into its bdly; and about A there
feem' d a contrivance, fomewhat refembling a Pump, pair of Bellows, or
Heart, for by a very fwift JjjitJ!e and dutjltJk the blood feem'd drawn
from the nofe, and forced into the body. It did not feem at all,though
I viewed it a good while as it was fucking, to thrufi more of its nofe into the !kin then the very fnout D, nor did it caufe the leafr difcernable
pain, and yet the blood feem' d to run through its head very quick and
freely, fo that it (eems there is no part of the !kin but the blood is difpers'dinto, nay, even into the cuticula; for had it thrufi its whole nofe
in from D to C C, it would not have amounted to the fuppofed thicknefs of that tegument,the length of the nofe-being not more then a three
hundredth part of an inch. It has hx legs, covered with a ve11' tranfparent fhell , and joynted exafcl y like a Crab's, or Lohfter' s ; each leg is
divided into fix parts by thefe joynts , and thofe have here and there
feveral fmall hairs; and at the end of each leg it has two claws, very
properly adapted for its peculiar ufe, being thereby inabled to walk
very fecurely both on the fkin and hair; and indeed this contrivance of
the feet is very curious, and could not be made more commodioufly and
compendiouDy, for performing both thefe requifite motions, of. walking
and climbing up the hair of a mans head, then it is: for, by having the
leifer claw (a) fet fo :much fhort of the bigger (b) when it walkt Ol'l
the !kin the lborter touches not, and then the feet are the fame with
thofe of a Mite, and feveral other fmall Infefr~, but by mean~> of the
fmall joynts of the longer daw it can bend it round, and fo w.ith both
claw£ take hold of a hair, in the manner reprefented in the Figure, the
long tranfparent Cylinder F F F, being a Man's hair htld by it~ .
,
The Thorax feem'd cas'd with another kind of fubftance then the belly, namely, with a thin tranfparent horny fubftance, which upon·the
failing of the Creature did not grow flaccid ; through this I could plainly fee the blood, fuck' d from my hand) to be varioutly difhibuted; and
mov'd to and fro; and about G there feem' d a prttty big white Cubfiance, which feem, d to be moved within its th(Jrax; befides, there ap.
pear'd very many froall milk-whitevefids, which cxofi over the breafr
between
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between the legs, out of which; on either Gde, were many fmall branchirygs,thefe feem ·d to be the veins and arteries,fo.t· that which is analogus
to blood in all Infects is milk-white.
The belly is-covered with a tranfparent fubfiance lik~w\fe-, but more
refem?li~g a fkin then a fhell ~ for 'tis grain'd all .over the. belly juO: like
the'skm tn ~he palms ?fa mans hand, and wheo the be.Ur Js'ertJpty,grows
very flaccid and wnqkled ; at the l.tpper end of~ thls 1s J>)a¢e.d qhe fiom:Jch H H:~and perhaps alfo the white fpot II may be the Iiver:or pttnore~M •
wh\ch~by the perift41tir./.z. JTiotion of the g_lm, h a little mov'd to and fro'
not with ajjjiole ana diaflole, but rather with a thronging or jufilin~ l
mot\9U· ., Yiewing qne of thefe-Crea.tures, nfter it h~d fa(kd ~W¢> dn)ies
aU ,t~e hinder part was _lank and .flac;ci~ ·~ and ~he' white fpotl I h~rdlyr
mov
mofi of the white branchlngs difappear d ~ and mofi alfo of the
redn~!S or fucked blood in the guts, the periflalticft motion of which
was fc~u·ce difcernable ; but upon the ft1ffe:ring it to fucki , ic p.refently.
fill'd the ikin of the belly,. and of the Gx fcolop'd embofments ora either
tide, as full as it could be Huft ; the ilomach and guts were ~s · £i1ll as
they c;ould hold; the periflaltick._ moti0n of the gut grew quiek~und the
ju!Uing motion of I I accordingly; multitud~s; of milk-white vdlcls
teem'd quickly filled, and turgid, which were pnhapsthe veins and ar-.
teries,. and the Creature was fo greedy, that though it could not contain
more, yet it contin~ed fucki~g as fait a~ ever, uod a.sifafr emptying. it feJf
behjnq : the digefhon of this C.reature mu!t needs be very qukk, for
though 1 perceiv'd tpe blood thick~r and bl<lckc:r when ·f\)Ck 'd? yer,:
when in the guts, it was of a very loy~]y ruby colour, and that pfln of
it, which was digefi:ed into the veins, feemed~ white; wherlcelitriJ:Dpears;
that a further digefl:ion of blood may make it milk, at leall: dfa refem~
bUng colour : What is elfe obfervable in the figure of this Creuture, may
·
be feen by the 3 5· srheme,
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Obferv. LV. . Of Mites-

.T He

leafl: of Reptiles I have hitherto met with, is a Mite, a Cr~ature
whereof there are fome fo very fmall , that the iliarpefi fight, unaffified with Glaifes, is not able to difcern them, tQQl,lgh, beil)g white of
themfelves, they move.on a black and ftnoot~ furfaca; and ~he Eggs,
out of which thefe Creatures feeril to be hatch d, are yet fmaller, thofe
being ufually not above a four .o r five hundtedt~ part of a well grown
Mite and thofe well grown Mites not m;uch above one hundredth
of an'inch in th~cknefs; fo that accord!ng to thi~ ~e~l\oning ~her,e may be
no lefs then a million of well grown Mites con tam dIn a cubick 10ch, and
five hupdred times as many Eggs.
. ,
Notwithftanding which minuten~fs a good Microfcope d1fcovers thofe
fmall movable fpecks to be very prettily iliap' d Infects, each of them. fu! ..
1

mfud

£

I

I

214

MIc R 0

G RAp H

I

A·

niili'd with eight well tbap'd and proportion'd legs, which are each of
them joynted or bendable in eight feveral places) or joynts, each of
which is covered, for the mofi: part, with a very tranfparent fhell, and
the lower end of the tbell of each joynt is fringed with feveral finall
hairs ; the contrivance of the joynts feems the very fame with that of
Crabs and Lobfi:ers legs, and like thofe alfo, they are each of them terminated with a very fharp claw or point ; four of thefe legs are fo placed, that they feem to draw forwards, the other four are placed in a
quite contrary pofition, thereby to keep the body backwards when
there is occafion.
Fig. ,,
The body, as in other larger InfeCts, confifi:s of three regions or
Schtlff, 36, parts; the hinder or belly A, feems covered with one intire fhell , the
middle, or cheH, feems divided into two tbells B C. which running one
within the other, the Mite is able to fhrink in and thrufi: out as it ~nds
occafion, as it can alfo the fnout D. The whole body is pretty tranfparent, fo that being look' don againfi: the light, divers motions within its
body may be perceived ; as alfo all the parts are much more plainly deJineable, then in other pofl:ures, to the light. The iliell, efpccially that
which covers the back, is curioufly polHht, fo that 'tis eafre to fee, as in a
ctmvex1 Looking-glafs, or foliated Glafs-ball, the picture of all the objects round about; up and down, in feveral parts of its body, it has feveral fmalllong white hairs growing out of its fbell, which are often
longer then the whole body, and are reprefented too fhort in the firfr
and-fecond Figures; they feem all pretty fl:raight and ply able~ fave only
two upon the fore-part of its body, which feem to be the horns, as may
be feen in the Figures; the firfl: whereof is a profpefr of a fmaller fort of
Mites ( which are ufually more plump) as it was P4fimt to and fro; the
fecond is the profpefr of one fixt on iu tail (by means of a little mouthglew rub'd on the object plate) exhibiting the manner of the growing of
the legs, together with their feveral joynts.
This Creature is very much diveriify'd in fhape, colour, and divers
other properties, according to the nature of the fubfrance out of which
it feems to be ingendred and nouritbed,being in one fubfl:ance more long,
in another more round, in fome more hairy, in others more fmooth, in
this nimble, in that flow, here pale and whiter, there browner, blacker,
more tranfparent, &c. I have obferved it to be refident almofi: on all ·
kinds of fubfrances that are mouldy, or putrifying, and have feen it very
nimbly melhing through the thickets of mould, and fometimes to lye
dormant underneath them; and 'tis not unlikely, but that it may feed on
that vegetating fubfi:ance , ffiontaneou.r Vegetables feeming a foocf proper
enough for JPontaneous .Animals,
But whether indeed this Creature, or any other, be fuch or not,. I tannot poiitively, from any Experiment, or Obfervation, I have yet made;
determine. But,as I formerly hinted, it feems probable, that fome kind
?f wandring Mite n:ay fow, as •twer~, the firfi feeds, or lay the firfi: eggs,
ln thofe places, whrch Nature has mfi:ructed them to know convenient
for the hatching and nourifhin~ their young ; and though perhaps .the
•
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prime Parent might be of a fhape very differing fi·om what the offfpring, ~fter a little while, by r.eafop. of the fubfiance they feed on, or
the RegiOn (as 'twere) they tnhabtte; yet perhaps even one of thefe
alter·d progeny, wandering again f~om i~s native foil, and lighting on by
chance the fame place from whence Its pnme Parent carrie and there fettling, and planting, may produce a generation of Mi~es of the fame
fhapes and properties with the f.irCt wandring Mite: And from fome fuch
accidents as thefe, I am very apt to think, the moCt forts of Animals, generally accounted JPontt~.neou.r , have their origination, and all thofe various forts of Mites, thnt are to be met with up and down in divers putrifying fubllances, may perhaps be aHof the fame kind, and have fprnng
from one and the fame fort of Mites at the firfi.

Obferv.

LV I.

Of a [mall Creature hatch·d on a Vine.

T

Here is, almofi all the Spring and Summer time, a certain fmaiJ,
round, white Cobweb, as 'twere, about the bignefs of a Pea,which
fiicks very clofe and fafi to the fiocks ofVines nayl'd againfi a warm
wall : being attentively viewed,they feem cover'd, upon the upper fide
of them, with a fmall husk, not unlike the fcale, or fhell of a Woodloufe, or Hog-loufe, a fmall Infect uuutlly found about totten wood,
·which upon touching prefently rouls it felf into the form of a pepper
corn: Separating fevered of tbefe from the fiock , I found them, with
my lWcrofcope, to conhfi of a fhell, which now feemed more likely to be
the hufk of one of thefe Infects •. And the fur feem' d a kind of cobweb,
confining of abundance of fmall filaments, or fleaves of cobwebs, In
the midfi: of this, if they were not hatch' d,and runaway before, the time
o~ which hatching was ufually about the latter end of Jzme, or beginmng of July, I have often found abundance of fmall brown Eggs, fuch
as A and B in the fecond Figure of the 36. scheme, much a bout the bignefs of Mites Eggs; and at other times, multitudes of fmall Infects, fha·
ped exaCtly like that in the third Figure marked with X., Its head large,
almofi: half the bignefs of its body, which is ufual in the ftEtlu of moll:
Creatures. It had two fmall black eyes a a, and two fmalllong _joynted
and brifled horns b b. The hinder part of its body feem' d to confifl: of
nine fcales, and the lafi ended in a forked tayl, much like that of a Cutio, or Wood.Joufe, out of which grew two long hairs; they ran to
and fro very fwiftl y, and were much of the bignefs of a common Mite,
hut fome o{ them lefs : The long eft of them feem' d not the •hundredth
part of an mch, and the Eggs ufually not above half as much. The}T
feemed to have fix legs, which were not vifible in this I have here ddine·
ated, by reafon they were drawn under its body.
•
Ifthefe Minute creatures were Wood-/ice( as indeed from their own fha pe
and frame, the fkin,or fhell,that grows on thern,one may with great ~~o
4
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bability ghefs) i(affords us an Infiance, whereof perhaps there are not
many like in Nature,and that is,of the prodigious increafe of thefe Creatures,after they are hatch'd and run about ;for a common Wood-1oufe,of
about half an inch long, is no lefs then a hundred and twenty five thou~
fand times bigger then one of thefe, which though indeed it feems very
firange, yet lhave obferved the young ones of fome Spiders have almofi
kept the fame proportion to their Dam.
This, methinks, if it be fo, does in the next place hint a Q!la:ry, which
may perhaps deferve a little further examination : And that is, \Vhether
there be not many of thofe minute CreaturesJuch as Mites, and the like,
which, though they are commonly thought of otherwife, are only the
pnU-;, or young ones, of much bigger Infelts, and not the generating~
or parent Infelt, that has layd thofe Eggs ; for having many times obferv' d thofe Eggs, which ufually are found in great abund~nce where
Mites are found , it feems fomething firange, that fo fmall an Animal
fhould have an Egg fo big in proportion to its body. Though on the
other fide, I mull confefs, that having kept divers of thofe Mites inclofed
in a box for a gcod while, I did not find them very much augmented beyond their ufual bignefs.
What the husk and cobweb of this little white fubfiance lli.ould be, I
cannot imagine, unlefs it be, that the old one, when impregnated with
Eggs, lbould there fiay, and fix it felf on the Vine, and dye, and all the
body by degrees ibould rot, fave only the husk, and the Eggs in the body : And the heat, or fire, as it were, of the approaching Sun-beams
fuould vivifie thofe Relitl:s of the corrupted Parent , and out of the
allies, as 'twere, (as it is fabled of the Phtenix) lli.ould raife a new offfpring for the perpetuation of the JPecies, Nor will the cobweb , as it
were, in which thefe Eggs are inclos'd, make much againfi: this Conjecrure; for we may, by thofe cobwebs that are carried up and down the
Air after a Fog (which with my Micro.fcope I have difcovered to be made
up of an infinite company of fmall filaments or threads) learn, that
fu<:h a texture of body· may be otherwife made then by the fpinning of
a Worm.

Obferv. LV I I. Of the Eels in Vinegar.

O

F thefe fmall Eels, which are to be found in divers forts of Vinegar, I_ have 1i~t1e ~o add befides their Picture, which you may
find drawn In. the third Ftgure of the 2 5· Schmze: That is, they were
fhaped much hke an Eel, fave only that their nofe A, ( which was a lit-

tle more .opacous t~en there~ of their body) was a little £harper, and
longer, In proportion to their body, and the wrigling motion of their
bod~ feem'd to be onely upward~ and downwards, whereas that of
Eels Is onely fide wayes : 1 hey fecm'd to have a more opacous part
about
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about B: which ~ight, perhaps,l?e their Gills; it feerning always the fatne
proportionate dtfhmt from their nofe, from which to the tip of their
'
tail, C, their body feem'd to taper.
Tak~ng feveral ?fthcfe out of their ~ond ofVinegar, by the net of a
fmall piece of filtrmg Paper, and laymg them on a black fmooth Glafs
plate, I found that the~ could wriggle and winde their body, as much
almofc as a Snake, whtch made me doubt, whether they were a kind of
Eal or Leech.
I {ball add n~ other obfervations made on this minute Animal, being
prevented herem by many exce_llent ones ~ilready publifh'd by the inge- .
nious, Duetor Power, among h1s Micrq{c·opical Obfervations, fave onely
that a quantity of Vinegar repleat with them being included in a fmall
Viol, and ftop'd very clofe from the ambient air, all the included Worms
in a very fhort time died> as if they had been frifled.
And that their motion feems (contrary to what we may obferve in the
motion of all other lnfeets) exceeding flow. But the reafon of it feems
plain, for being to move to ar1d fro after that manner which they do, by
waving onely, or wrigling their body; the tenacity, or glutinoufnefs,
and the denfity or refifbnce of the fluid medim~t becomes fo exceeding
fenl1ble to their extremely minute bodies,that it is to me indeed a greater
wonder that they move them fo faf1: as they do, then that they move them
no faf.l:er. For what a vafl:ly greater proportion have they of their filperficies to their bulk, then Eels or other larger FiChes, and next, the tena ..
city and denfity of the liquor being much the fame to be moved,both by
the one and the other, the refifiance or impediment thence ariGng to
the motions made through it, mufi be aJmofi infinitely greater to the
fmall one then to the great. This we find experiment<tlly verify'd in the
Air, which though a medium a thouGnd times more rarify' d then the wa~
ter,the refiftance ofit to motions made through it)is yetfo fenfible to very minute bodies,that a Down-feather(the lea(t of whofe parts feem yet
bigger then thefe Eels, and many of them alrnof1: incomparably bigger, .
fuch as the quill and fialk) is fufpended by it, and carried to and fl-o us if
it had no weight.

Obferv. LV I I I. Of a new Property in the Air, and fever a! other
tranffiarent Mediums nam'd Inflecrion, whereby very many conftderahk Ph~rnomena are attempt(dto he folv' d, and divas other
ufes are hinted.
ince the Invention (and perfetl:ing in fo.tne meafure) of TeleJZ.oper, i.t has
been obferv' d by feveral, that the Sun and M~on _.neer .the Hort~on,
are disfigur' d ( lofing that exaCHy-fmooth termmatmg cncu~~u· ltrnb,
which they are obferv'd to have when fit~ted neerer the ~entth) and
are bounded with an edge every way ( efpectally upon the nght and left
·
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fides) ragged and indented like a Saw: which inequality of their limbs, I
have further obferv'd, not to remain always the fame, but to be continually chang'd by a kind of fluCtuating motion, not unlike that of the
waves of the Sea; fo as that part of the limb, which was but even now
nick'd or indented in, is now protuberant~ and \vill prefently be linking
again ; neither is this allJbut the whole body of the Luminaries, do in the
Telefcopc, feem to be deprefs' d and flatted, the upper,and more efpecially
the under fide appearing neerer to the middle then really they are,and the
right and left appearing more remote:whence the whole Area feems to be
terminated by a kind of Oval.It is further obferv'd:that the body,for the
mofi part, appears red, or of (orne colour approaching neer unto it, as
fome kind of yellow; and this I have always mark'd, that the more the
limb is Hatted or ovalled,the more red .does the body appear, though not
always the contrary. It is further obfervablc, that both fix'd Stars and
Planets, the neerer they appear to the Horizon, the more red and dull
they look, and the more they are obferv'd to twinkle; info much, that
I have feen the Dog-fiarr to vibrate fo firong and bright a radiation of
light, as almofi: to dazle my eyes, and prefently, almofi: to difappear.
It is alfo obfetvable, that thofe bright fcintillations neer the Horizon, are
not by much fo quick and fudden in their confecutions of one another, as
the nimbler twinklings of Stars neerer the Zenith. This is alfo notable,
that the Starrs neer the Horizon, are twinkled with feveral colours; fo as
fometimes to appear red,fometimes more yellow,and fometimes blue,and
this when the Starr is a pretty way elevated above the Horizon. I have
further, very often feen fome of the fmall Starrs of the fifth or fixth magnitude, at certain times to difappear for a fmall moment of time, and
again appear more confpicuous, and with a greater lufi:er. I have feveral
times, with my naked eye, feen many fmaller Starrs, fuch as may 8e call'd
of the feventh or eighth magnitude to appear for a il1ort fpace, otnd then
vanifb, which, by direCting a fmall Telefi:ope towards that part they appear'd and difappeard in; I could prefently find to be indeed fmall Starrs
1o fituate;as I had feen them with my naked eye, and to appear twinkling
like the ordinary vifible Stars; my, in examining fome very notable pans
of the Heaven, with a three foot Tube, me thought I now and then, in
feveral parts of the conftellation, could perceive little twinklings of
Starrs, making a very ihort kind of apparition,and prefently vanifbi111g,
but noting diligently the places where they thus feem'd to pla.y at hoepeep, I made ufe of a very good twelve foot Tube, and with that it was
not uneafie to fee thofe, and feveral other degrees of fmaller Starrs, and
fome frnaller yet, that feem'd again to appear and difappear, and thefe
alfo by giving the fame Objeet-glafs a much bigger aperture, I could
plainly and confiantly fee appear in their former places; (o that I have
obferv•d fome twelve feveral magnitudes of Starrs Jefs then thofe of the
fix magnitudes commonly recounted in the Globes.
It has been obferv'd and confirm'd by the accuratefi: Obfervations of the befi: of our modern Afi:ronomers, that all the Luminous bodies
appear above the Horizon) when they really are be-low it. So that the
Sun
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Sun and Moon have both been feen above the Horizon, whil'll the Moon
has been in an E~lipfe. I fb~ll not here in~ance in the great refracriuns;
that the tops of h1gh mountams, feen at a d1fiance, have been found to
have; all which fetm to argue the HorizontalrefraCl:ion, much greater
then it is hitherto generally believ'd.
I have further taken notice, that not onely the Sun, Moon and Starrs
and high tops of mountains have fuffer'd thefe kinds of refi·atl:ion bu~
Trees, and feveral bright Objetl:s on the ground: I have often take~ notice oflthe twinkling of the refl.eccions of the Sun from a Glafs-window
at a good difiance, and ofa Candle in the night, but that is not fo con.~
fpicuous:and in'obferving the fetting Sun,I have often taken notice of the
tremulation of the Trees and Bullies, as well as ofthe edges of the Sun.
Divers ofthefe Pht£nomena have been taken notice ofby feveral, who
have given feveral reafons of them; but I have not yet met with any altogether fatisfacrory, though fome of their conjectures have been partly
true,but parly alfo falfe.~etting my felf therfore upon the inquiry of thefe
Pht£nomena, I firfi endeavour'd to be very diligent in taking notice of
thefeveral particulars and circumfiances obfervable in them; and next;
in making divers particular Experiments, that might deer fome doubts,
and ferve to determine, confirm, and illufirate the true and ada:quate
caufe of each; and upon the whole, I find much reafon to think, that
the true caufe of all the1e Pht£nomena is from the iHfldJign, or »mltiplicate refra&ion of thofe Rays of light within the body of the Atmojjhere;
and that it does not proceed from a refrallion caus'd by any terminating
foperficies of the Air above, nor from any fuch exactly defin' d fitperficiu
within the body of the .Atmojjhere.
This Conclufion is grounded upon thefe two Propofitions:
Firfi, that a medium, whofe parts are unequally denfe, and mov' d by
various motions and tranfpofitions as to one another, will produce all
thefe vifible effeCl:s upon the Rays of light, without any other coefficient
caufe.
Secondly, that there is in the Air or Atmojjhere, fuch a variety in the
confiituent parts ofit, both as to their denjity and rarity, and as to.their
divers mutations and pofitions one to another.
By Denjty and Rarity, I underfiand a property of a tranfparent body,
that does either more or lefs refract a Ray of light (coming obliquely
upon its :fi1perficies out of a third medium.) toward its perpendicular : A<J
I call Gla~ a more denfe body then Water, and Water a more rare body
then Glafs, becaufe of the refraCtions (more or lefs deflecting towards the
perpendici.1lar) that ~remade in~th.em, of a R~y of ligh~ out of the Air
that has the fame inclmation upon euher of thelr fuperfic1es.
So as to the bufinefs ofRefraction" fpirit of Wine is a more denfl body
then Water ,it having been found by an accurate Infirument that meafures
the angles of Refractions to Minutes that for the.fa~e refra~ed angle of
30: oo' in both thofe Medium.r, the a_ngle of. mctdeo~e m .W:.tt~r. was
but 41°. 3' 5· but the angle of the inc1dence ~n the tr1al wnh fpmt of
Wine was 42°; 4 But as to gravity' Water IS a more denfe body t~e_n
Gg 2
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fpirit of Wine, for the proportion of the fame Water, to the fame very
well rettif)/d fpirit of Wine was, as 21. to 1 9·
So as to Refraction, Water is more Denfe then Ice; fori have found
by a mofi certain Experiment, which I exhibited before divers illu!hious
Perfons ofthe Royal Society, that the Refratl:ion ofWater was greater
then that of Ice, though fome confiderable Authors have affirm'd the contrary, and tho\lgh the Ice be a very hard, and the \Vater a very fluid
body.
That the former of the two preceding Propofitions is true,may be rna·
nifefied by feveral Experiments:As firfi,if you take any two liquors differing from one another in denfity,but yetfuch as will readily mix:asSaltWater,or Brine,& Frdh;almoll: any kind of Salt diffolv'd in Water,and filtrated, fo that it be cleer,fpirit ofWine and Water; nay, fpirit of W'ine,and
fpirit of Wine, one more highly retl:if)r'd then the other, and very many
other fiquors; if(I fay) you take any two of thefe liquors, and mixing
them in a Glafs Viol, againfi one fide of which you have fix'd or glued a
fmall round piece ofPaper, and fhaking them well together (fo that the
parts of them rna y be fomewhat diflurb' d and move np and down )you
endeavour to fee that round piece of Paper through the body of the li'}UOrs; you {hall plainly perceive the Figure to wave, and to be indented
much after the fame manner as the limb of the Sun through a Teleflope
feemsto be,fave onely that the mutations here,3re much quicker. And if,
in freed ofthis bigger Circle, you take a very fmall fpot, and fafien and
view it as the former, you will find it to appear much like the twinkling
of the Starrs, though much quicker: which two Phlf11011Jena (for I fbal
take notice of no more at prefent, though I could infiance in multitudt
of others) mull: necefiarily be caus d by an infle{!ion of the RaJ s within
the terminating fuperficies of the compounded mediH1n, fince the furfaces
ofthe tranfparent body through which the Rays pafs to the eye, are n t
'at all altered or chang' d.
This infleCiion (ifl may fo call it) I imagine to be nothing elfe, but a
nJNitiplicalc refta{/ion, ca\tfed by the unequal dc11jifJ of the confiituent
parts of the medium , whereby the motion, aCtion or progrefs of the Ray
of light is hind red from proceeding in a fireight line, and i~tflelled or de ..
jle[/edby a t:Hrve. Now, that it is a cHrve line is manifefi: by this Experiment: I took a Box,fuch as AD G E, in the firfi Figure of the 3j.Schem~,
whofe fides ABC D, and E F G H, were made of two fmooth flat
plates of Glafs, then filling it half full with a very firong folution of
Salt, I filled the other half with very fair frdh water, then expofin~
the opacous fide, D H G C, to the Sun, I obferv'd both the reftat1ion and
injle[/ion of the Sun beams, I D & K H, and marking as n.tcH y as I,could,
the points, P, N, 0, M, by which the Ray, K H, pafied through the compounded mediunt, I found them to be in a curve line; for the parts ofthe
nzedimn being continually more denfe the neerer they were to the bottom, the Ray p f was continually more and more defleCted downwards
from the iheight line.
'Ibis Inflefrion may be mechanically explained, either by Monfieur
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. MICROGRAPH lA.
Dts CtZt'tes principles,by conceiving the Globuls of the third Element to
find lefs and lefs rdifiance againfi that fide of them.which is downward9
or by a way, which I have further explicated in the Inquifition about Co~
lours, to be from an obliquation of the pulfe of light~ whence the ruder
part is continually promote-d, and confequemly refracted tOWards the
perpendicular, which cuts the Orbs at rightangles. What the particu.o
lar Figure of the c~rve line, ?efcrib' d by this way of light, is, I fhall nor
now fiand to exa~m~e, efreCiall y fi?ce there may be fo many foru of it as
there may be vaneues of the Pofittons of the intermedi~tt degrees. ofden:.
jity and rarity between the bottom and the top of the infleCting Medium,
I could r.roduce many more Examples and Ex~rimenrs, to illufrratt
and prove this firfi Propofition, vh. that there is fuch a confiitution of
fome bodies as will cau{e infletl:ioo. As not to mention thofe I have ob ..
ferv'd in Horn, Tortoife-JbeU, traJ;jfr<ilrent Gunu, and tejngm 87tbflances 1
The 'l!eim ~f G!aiS, nay, of melted CrJJ!al, foun~; and much complained
of by Glafs-gnnders, and others, might fufficiently demonfirate the ·
truth of it to any diligent Obfervator.
But that, I prefume, I have by this Example given proof fufficient
(viz. oc1tlar demonftration) to evince, that there is fuch a modulation~
or bending of the rayes of light, as I have aall'd i1tfte0isn, differing
both from refleaion, and refraClion ( fince they are both made in the fu
perficies, this only in the middle ) ; and likewife, that this is able or fuf..
ficient to produce the effecrs I have afcribed to it.
It remains therefore to fbew ·, that there is fuch a property in the Air~
and that it is fufficient to produce all the above mentioned Phtrnomena.,
and therefore may be the principal, if not the only caufe of them.
Firft, That there is fuch a property, may be proved from this, that the
parts of the Air are fome of them more con dens' d, others more rarified,
either by the differing heat, or differing preifure it fufiains, or by the
k>mewhat heterogeneous vapours interfpers'd through it. For as the Air
is more or lefs rarified, fo does it more or lefs refraCt: a ray of li~ht ( that
comes out of a denier medium) from the perpendicular. Th1s you may
find true, if you make tryal of this Experiment.
Take a fmall Glafs~bubble,. made in the form of that in the fecond
Figure of the 37· Scheme, and by heating the Glafs very hot, and thereby very much ra~ifying the inc_luded Ai~, ?r, ~hich is better, by rarify·
ing a fmall quantity of water, mduded JtJ It, mto vapours, whtch wtll
expel the mofi: par~, i~ not all the Air, at'l~ then fealing. up the fmall
neck of it, and letting It cool, you may find, tf you place tt tn a conve•
nient Infl:rument, that there will be a manifefr differenae, as to the refra-

ction.
As if in this fecond Figure you fuppofe A to reprefent a fmallliight or
hole through which the eye looks upon an objett, as C, through the
Gl<>fs-bubble B and the fecond fight L ; ~u which remain exaCtly fixt
in f:hF :.:- feveral 'places, the objefr C being fo cized and placed, that it

may jufr feem to touch the upper and under edge o~ the h?le L : and
fo all of it be feen through the fmall Glafs-ball of rarlfied Atr ; then by
breaking.
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breaking off the fmall feal' d neck of the Bubble ( without at all fiirring
the fights, object, or glafs) and admitting the external Air, you will
find your felf unable to fee~he utmofr ends of the object; but the terminating rayes A E and AD (which were before refracted toG and F
by the rarified Air) will proceed almofr direCtly to I and H ; which alteration of the rayes (feeing there is no other alteration made in the
Organ by which the Experiment is tryed, fave only the admiffion, or exclufion of the condens'd Air) mufr neceifarily be caufed by the variation
of the medi11m contain'd in the Glafs B; the greatcfr difficulty in the making of which Experiment, is from the uneven furfaces of the bubble,
which will reprefent an uneven image of the·objett•
. No'w,that there is fuch a difference of the upper and under parts of the
Air)s clear enough evinc' d from the late improvement of the TorriceUian
Experiment, which has been tryed at the tops and feet of Mountains;
and may be furthe'r illufirated , and inquired into, by a means, which
fome whiles fince I thought of, and us'd, for the finding by what degrees
the Air pailes from fuch a degree of Denfity to fuch a degree of Rarity.
And another~ for the finding what preilure wasrequifite to make it pafs
from fuch a degree of RarefaCtion to a determinate Denfity: Which
Experiments, becaufe they may be ufeful to illufl:rate the prefent Inquiry, I fhall briefly de fcribe.

Fig.

3·

I took then a fmall Glafs-pipe A B, about the bignefs of a Swans quill,
and about four foot long~ which was very equally drawn, fo that, as far
as I could perceive, no one part was bigger then another: This Tube
(being open at both ends) I fitted into another fmall TubeD E, that
had a fmall bore juft big enough to contain the fmall Pipe, and this was
feal'd up at one, and open at the other~ end; about which open eud I
fafl:ned a fmall wooden box C with cement, fo that filling the bigger
Tube, and part of the box, with Q9ickfilver, I could thrufl: the fmaiier
Tube into it, till it were all covered with the Q!lickfllver : Having thus
done, I fafined my bigger Tube againfi: the fide of a wall , that it might
fl:and the fieadier ; and plunging the fmall Tube deer under the lUercury in the box, I fi:opt the upper end of it very fall: with cement, then
lifting up the fmall Tube, I drew it up by a fmall pully, and a firing that
I had fafl:ned to the top of the Room, and found the height of the Mercurial Cylinder to be about twenty nine inches.
Then letting down the Tube again, I opened the top, and then thrull:
down the fmall Tube, till I perceived the Qyickfilver to rife within it to
a mark that I had plac' d juft an inch from the top;and immediately clapping on a fmall peice of cement that I had kept warm, I with a hot Iron
feal'd up the top very fall:, then letting it cool (that both the cement
might grow hard , and more efpecially, that the Air might come to its
temper, natural for the Day I try'd the Experiment in) I obferv'd diligently, and found the included Air to be exacdy an Inch.
Here you are to take notice, that after the Air is feal' d up, the top of
the Tube is not to be elevated above the fuperficiesof the Q!lick.filv:r

m
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in the box, till the furface of that within the Tube be equal to it, for
the ~ickfilver ( as I have elfewhere prov'd) being more heterogeneous to the Glafs then the Air, will not naturally rife up fo high within
the fmall Pipe,as the fuperficies of the Mercury in the box:, and therefore
you are to obfervt: , how much below the outward fuperficies of the.
.A--Iercury in the box, that of the fame in the Tube does !l:and, when the
top being open, ftee ingrc:fs is admitted to the outward Air.
Having thus done, I permitted the Cylinder, or fmall Pipe, to rife out
of the box, till I found the ft:trface of the Qllickfilver in the Pipe to be
two in.ches above that in the box, and found the Air to have expanded
it felf but one fixteenth part of an inch; then drawing Up> the fmaH
pipe, till I f~und the height of the C?-uickfilver within to be four in~Jles
above that wuhout, I obferved the Au to be expanded only t of. 2n mch
more then it was at firfi: ? and to take up the room of It inch: then t
raifed the Tube till the Cylinder was fix inches high, and found the Air
to take up 1; inches of room in the Pipe; then to 8, 10, 12. &c.
the expanfion of the Air that I found to each of which Cylinders are
fet down in the following Table; where the firfi: row figiiifies the
height of the Merc1trial cylinder; the next, the expanfion of ~ the Air;
the third, the preffure of the AtmoJPhere, or the highefi: C)Jinder of
Mercury, which was then neer thirty inches : The Jail: lignifies t_he force
of the Air fo expanded, which is found by fubfirafring the fitft row of
numbers out of the third; for having found, that the outward Air would
then ke~p up the ~ickfilver to thirty inches, look whatever of that
height is wanting mull: be attributed to the Elater of the Air depre.ffing.
And therefore having the Expanfion in the fecond row,and the) !\eight of
the fubjacent cylinder of Mercury in the firfr and the greatefbheight of
the c;:Jinder of Mercury, which of it felf counterballances the whole
prdfu~e of the Atmofphere; .by fubfira~ing rhe numbers ofthenrfi: row
out of the numbers of the thud, you wi111}ave the meafure of the Cylinders fo deprefi, and confe.quently the (orce.of the Air,in the fty.s:ral Expanfions, regi!l:red.

..

...J

or-

co

ot:

o

••

(~

0~

M Ic R 0

224

G R A p H I A~

The height of the The Expan- \ The height of
Cylinder of Mer- fion of the the
Mercury
cury.,that,together Air.
that counterballanc,d the
with the Elater of
the included Air, 1
Atmofphere
ballanced
the
preifure of the
Atmofphere.
\
L.-........-v.____...,_.~.J

00

~

OI

02

OI~16

04

01~

o6

oi..:,

o8

01.!.
3

J()

01.!.

12

OI.!
3
OIL

14
16
:t8

.:r.

6

02.!
-

~7

02.!
?

20
~2

03.;

24

05'!..
II

~s

o6.:.

26

o8.!z.

26!.....
26.!...
z,

'---v--"'
30
30
30
30
30
30
30
30
30
3()
30

30
30
30
30
30
30
30
30

~

09.;
to.!4

26!..
4

27

The ftrength
of the Elater
of the expanded Air.

'---·v---.J

30
28
26
24
22
20

IS
16

14
12
10

8
~

5
4

3!

3~
3~

3

(

I had

M Ic R0

G R A p H 1 A.

I had feveral other T abies of my Obfe rvations , and Calculations
which I then made; but it being above a twelve month Lince I mad~
t!1em; and by that means having forgot many circum~ances ?nd particulars , I was refolved to make them over once av.am whtch I did
.A~tg.Hft the fecond 166 I. with the very !arne Tube whi'ch ufed the year
before, wheu I firfi: made t~1e. Experiment ( for it being a very good
one, I had carefully preferv d It:) And after having tryed ·lt over and
over again; and being not well Gtisfied of fome particulars, I, at lair
having put all things in very good order, and being as attentive, and
obfervant, as poffibly 1could, of every circumfhtnce requifite to betaken notice o(, did regifier my feveral Obfervations ·in this follo'wing
Table. In the making of which, I did not exacrly follow the method
that I·had ufed at firfi; but, having lately heard 1o( Mr. Town/y's Hypo ..
thdJs, 1iliap'd my courfe in fuch fort, as would be m0fi convenient for
the examination of that Hypothejis ; the event of which you have in the
latter part of the lafi Table.
The e>ther Experiment was, to find what degrees of force were requifite to comprefs, or condenfe, the Air into fuch or fucb a bulk.
The manner of proceeding therein was this : I took a Tube about
five foot long, one of whofe ends was fealed up, and bended in the form
of a syphon , much like that repreiented in the fourth Figu.re of the
~7· Scheme, one fide whereof AD; · that was open at A, was about fifty
inches long, the other fide B C, fhut at B, was not much above feven in·
ches long; then placing it eXlfdy perpendicular , I pour'd in a little
Q!tickfilver, and found that the Air B C was {~ inches, or very near to
feven. ; then pouring in Qlickfilver at the longer Tube, I c<Dntinued
filling of it till the Air in the fhorter part of it was contraCted ~ntohalf
the former dimenfions, and found the height exaerly nine and twenty inches; and by making feveral other tryals, in feveral other degrees of
condenfation of the Air, I found them exatl:ly anfwer the former Hypo-

I

th~s.

.

But having (by reafon it was a good while fince I firfi made) .forgotten many particulars,and being much unfatisfied in others, I made the Experiment over again, and, fl-om the feveral tryals, collecred the former
part of the following Ta0le : Where in the row next th~ left hand 24.
fignifies the dimenfions of the Air, fuftaining only the preHure of the 1-tmoJPhere, which at that time was. equal to a C!li~der bf MercltrJ ?f ntne
and twenty inches; The next Figure above tt \ 20) was the dmienfions of the Air in during the firfi compreffion; m:1de by a C~linder of MercHrJ 51~ high, to which the preifure of the A tfltoJPbere mne and tw.enty
inches being added ) the elafiick frrength of the Air {o comprefi will be
found 34;-6, &c.
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A Table of tbe Elajtickv power ofthe Air,
· both E~perimentally and II}potheticai!J calculAted,
According to its various Vimenjions.
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From which Experiments, I think, we may fafely conclude, that the
Elater of the Air is reciprocal to its extenfion, or at leafr very neer. -Sd
that to apply it to our prefent purpofe (which was ihdeed the chief
caufe_ of inventing thefe wayes of tryal ) we will fuppofe a Cylinder in•
defimtely extended upwards, [I fay a CJ!inder, not a piece of a Cone;
becaufe, as I may elfewhere fhew in the Explication of Gravity, that triplicate proportion of the fhels of a Sphere, to their refpeCt:ive diameters,
I fuppofe to be removed in thh. cafe by the detre:tfe of the power of Gravity] and the pre!fure of the Air at the bottom of this Cylinder to be
ll:rong enough to keep up a Cylinder of Mercury of thirty inches : Now
becaufe by the mofr accurate tryals of the moH illufrrious and incomparable Mr. Boyle, publifhed in his_defervedly famous PneumatickBook,
the weight of Q!;lickfilver, to that of the Air here below, is found neer
about as fourteen thoufand to one: If we fuproCe the parts of the cylinder of the Atmo.JPhere to be every where of an equal denfity, we fhall
(as he there deduces) find it extended to the height of thirty five
thoufand feet, ot feven miles: But becaufe by thefe Experiments we have
fomewhat confirm'd the hypothefis of the reciprocal proportion of the
Elaters to the Extenfions we fball find, that by fuppofmg this Cylinder of
the .Atmf!.fphere divided into a thoufand parts, each of which being equi•
valent to thirty five feet, or feven geometrical paces-,that is,each of thefe
divifions containing as much Air as is fuppos'd in a Cylinder neer the
earth ofequal diameter,ahd thirty five foot high, we fhall find the lowermoil to prefs ~gainfrthe furface of the Earth with the whole weight of
the above mentioned thoufand parts; the preifure of the bottom of the
fecond againfr tbetopofthe firfr to be woo-1::=::999· of the third
againfrthe fecond to be 1000-2-998. of the fourth againfr the third
to be I000-3==997· ofthe uppermofr againfr the 999.orthatnext be"'
low it, to be IC'00-999== 1. fo that the extenfion of the low.ermofi:
next the Earth, will be to the extenfion of the next below the uppermofr, as 1. to 999· for as the preffur.e fufrained by the 999· is to the
prefiure fuftain'd by the firfr, fo is the extenfion of the firfr to the ex~
tenfion of the 999· fo that) from this hypothetical calcula~ion, we fhall
find the Air to be indefinitely extended : For if we fuppofe the whole
thicknefS of the Air to be divided; as I jufr now inftanced, ~nto a thou"'
fand parts, and each of thofe under differing Dimenfions, or Altitudes,
to contain a~ equall quantity of Air, we iliall fin~; that the firfr CJlinder,
whofe Bafe is ft~ppofed to lean on the Earth, wtll be found to be extooded 3 9 foot; the fecond equal Divifion, or CJlinder, whofe b":fi.r is
fuppofed to lean on the to_p_.of the firft,{hall.h:ve its top extended higher
by 3 s;o,; the third 3
the fourth 3 s9:-~; and fo onward, each e~
qual q~antity of Air having its di~enfions meafured by 3~· and fome
additional number expreft alwayes tp the manner of ~ f~~chon , whofe
numerator is alway the number of t~e place multi phd ~y 3_5·, and
whofe denominator is alwayes the preffure of the Atm8}Phere ~uftam d by
that part, fo.that by this means we may eafily calculate the hetght of 999·
divihons of thofe H>Oo. clivifions, I fuppos'd; whereas the uppermofr
H h 2
may
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may extend it felf more then as high ag:tin,nay, perhaps indefiaitely, or
beyond the Moon ; for the Elaters and Expanfions being in reciprocal
proportions, fince we cannot yet find the p/111 ultra, beyond which the Air
will not expand it felf, we cannot determine the height of the Air: for
fince, as we have fbewn, the proportion will be alway as the preffure
fnftain ..d by any part is to 3 5· fo 1 ooo. to the expanf10n of that part;
the multiplication or produfr therefore of the preffure, and expanfion,
that is, of the two extream proportionals, beingalwayes equal to the
produCt of the means, or 3 5000. it follows, fince that ReCtangle or
ProduCt may be made up of the multiplication of infinite diverfitit:s of
numbers, that the height of the Air is alfo indefinite ; for fmce (as far as
I have yet been able to try) the Air feems capable of an indefinite Expanfion, the preffure may be decreakd in infinitum, and confequently its
expanfion upwards indefinite aHo.
There being therefore fuch a difference of denfity, and no Experi ..
ment yet known to prove a salt~n, or fkipping from one degre~ of rarity to another much differing from it, that i~, that an upper part of the
Air ibould fo much differ from that immediately fobjacent to it, as to
make a difrinfr fuperficies, fi.1ch as we obferve between the Air and Water, &c. Butitbeingmorelikely, that there isa continual incr~feof
rarity in the parti of the Air, the further they are removed from the
furface of the Earth= It will hence necdfarily follow, that (as in the
Experiment of the fait and frdh Water) the ray of Light paffing obliquely through the Air alfo, which is of very different denfity, will be
continually, and infinitely inflected> or bended, from a {height, or direct
motion.
This granted, the reafon of all the aqove recited Phttnomenll, concerning the appearance of the Celefiial Bodies, will very eafily be deduced. As,
·
Firfr, The rednefs of the Sun, Moon, and Stars, will be found to be
caufed by the inflection of the rays within the Atmojjhere. That it is
not really in or near the luminous bodies, will, I fuppofe, be very eafily
granted, feeing that this rednefs is obfervable in feveral places differing
in Longitude, to be at the fame time different, the fetting and rifing Sun
of all parts being for the moil: part red :
And fecondly, That it is not meerly the colour of the Air interpos'd,
will) I fuppofe, without much more difficulty be yielded, feeing that we
may obferve a very great interflitiHm of Air betwixt the Object and the
Eye, makes it appear of a dead blew, far enough differing -from a ted,
or yellow.
But thirdly, That it proceeds from the refratl:ion,or inflection, of the
rays by the .AtmDjjhere, this foUowing Experiment will, I fuppofe, fufficicntly manifefr.
Take a fpha:!rical Cryfralline Viol, fiu:h as is defcrib'd in. the fifth Figure A BCD, and, having fill' d it with pure clear Water, expofe it to
the Sun beams; then taking a piece of ''ery fine J7enice Paper, apply it
againfi: that fide of the Globe that is oppofite to the Sun, as againft the
fide
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ftde B C, a.nd you ihall perceive a bright red Ring to appear, cans'd by
the refralhon ofthe RaJ'S, A A A A, which is m:lde by the Globe; in
which Experiment, if the Glafs al'ld Water be very deer,~ that there be
no Sa!lds nor bubbles in the Glafs, nor dirt in the \Vater, you lhall not
perceive any appearauce of any other colour. To apply which Experi•
~nt, we may imagine the .At1/ti(J./P~N to pe a great tranfparent Globr
which being of a fubfi~nce more dente: then the other:) Ol' (which come~
to ·t he fame) that has Its parts more denfe towards the middle, the Sun
beams that are tangents, or next within the tangents of this Globe will
be refracted or inflected from their direcr pafiage towards the 'cet1t~r of
the Globe, whence, accordiog to the Jaws of refracUoos made in a triangular Prifm, 2nd the generation of colour fet down in the defcription of
Mufcovi·glafs,there mufi necd]arily appear a red colour in the tranjitm
or paffage of thofe tangent Rays. To make this more plain, wr will fup ..
pofe (in t~e fixth Fig1tre) ABC D~ to reprefent the Globe of th.e .At·
Nl{)ffihere, E F G H to reprefent the opacous Globe of the Earth, lying
in the mid~ of it, neer to which, the parts of the Air, fufia~!Jing a very
~reat prefiure, are thereby very much condens'd, fl-om wfience thofe
1\ays that are by infleti-ion made tangents to the Glo~ of the Earth~and
tbofe without them, that paiS through the more condens' d part of the .At·
t~tofphere, as fuppofe between A and E, are by re~ion of the inequality
of the medium, infleCted towards the center, w~ereby there mufi nece1:.
farily be generated a red colour, as is more pbinly Ihewn in the fotmer
cited place; hence whatfoever opacous bodies (as vapours,or the like)
fhall chance to be elevated into thofe rtlrts, will n:ftecr a red towards the
eye; and therefore: thofe evenings and morhings appear reddefi,thnt havCf
the mofi fiore of vapours and halituous fubftances exhaled to a conv~
nient difiance from the Earth; for thereby the infleCtion is made the
greater,and thereby the colour alfo the more intenfe;and feveral of thofe
exhalations being opacous, reflect feveral of thofe R.ays, which, through
an Homogeneous tranfparent medium would pafs unfeen; and therefore we
fee, that when there chances to be any clouds fituated in thofe Region9
they refiefi a firong and vivid red. Now, though one great caufe of
the rednefs may be this inflection,yet I cannot wholly exclude the colour
of the vapours themfelves, which may have fomething of rednefs in them,
they being partly nitrous,and partly fuliginous; both which fieams tinge
the Rays that paiS through them, as is made evident by looking at bodies
through the fumes of .Aquafortn, or fpirit of Nitre [as the newly menti·
oned Illufirious Perfon has demonfirated] and alfo through the fmoak of
a Fire or Chimney.
·
Having therefore made it probable at J:a~, tha~ the mornin~ an~
evening rednefs may partly proceed from thJs mfleftton or refrath on df
the Rays, we fhall next fuew, how the Oval Figure will be like wife cafily
deduced.
Suppofe we therefore, E F G H in the fixth Fig1tre of the 37w 8chenJe,
to reprefent the Earth; ABC D, the Atmo.ffiere; E I, and E L, two Rays
coming from the Sun, the one from the upper)the other from the nea.thet
L1mb;
·
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Limb, thefe Rays, being by the AtmoJPhere inflected, appear to the eye
at E, as if they had come from the points, N and 0; and becaufe the
Ray L has a greater inclination upon the inequality of the Atmojjhtre
then I, therefore mufi it fuffer a greater inflection, and confequendy be
further elevated above its true place, then the Ray I, which has a IdS
ipclination, will be elevated above its true place; whence it will
follow, that the lower fide appearing neerer the upper then really it is,
and the two lateral fides, viz.. the right and lefi fide, fuffering no fenfible
alteration from the inflection, at leafi what it does fuffer, does rather
increafe the vifible Diameter then diminiib it, as I fhall thew by and by,
the Figure of the luminous body mufi neceffarily appear fomewhat
EUiptical.
This will be more plain, ifin the feventh Figure ofth 37· Sc!Je1Jie we
fuppofe A B to reprefent the fenfible Horizon; CD E F, the body of the
Sun really below it; G HI K, the fame appearing above it, elevated
by the infleCtion of the .Atnu'.fphere: For if, according to the befi obfervation, we make the vifible Diameter of the Sun to be about three or
four and thirty minutes,and the Horizontal refraCtion accordin~ to Tich11
be tbereabout,or fomewhat more,the lower limb of the Sun E, will be elevated to I; but becaufe,by his account, the point C will be elevated but
29. minutes, as having not fo great an inclination upon the inequality of
the Air, therefore I G, which will be the apparent rc;frafred perpendicular Diameter ofthe Sun,will be lefs then C G,which is but29. minutes,and
confequently fix or feven minutes fhorter then the unrefracted apparent
Diameter. The parts, D and F, will be like wife elevated to H and K,
whofe refraCtion, by reafon of iu inclination, will be bigger then that of
the point C,though lefs then that ofE)therefore will the femidiameter I L,
be iborter then L G, and confequently the .under fide of the appearing
Sun more flat then the upper.
Now, becaufe the Rays from the right and lefi fides of the Sun, &c.
have been obferv' d by Ricciolo and GrimaldHs, to appear more difiant
one from another then really they are,though(by very manyObfervations
that I have made for that purpofe, with a very good Telefcope,fitted with a
divided Ruler) I could never perceive any great alteration, yet there being really fome,it will not be amifs,to fbew that this alfo proceeds from the
refraCtion or Inflection of the .Atmojphere; and this will be manifefi,if we
confider the Atmojjhere as a tranfparent Globe, or at leafi a tranfparent
fhell, encompaffing an opacous Globe, which, being more denfe then the
medium encompaffing it, refracts or inflefrs all the entring parallel Rays
into a point or focus,fo that wherefoever the Obfervator is plac'd within
the .AtmoJPhere, between the focus and the luminous body, the lateral
Rays mufi necdfarily be more converg'd towards his eye by the refraction or inflection, then they would have been without it; and therefore
the Horizontal Diameter of the luminous body muft necefiarily be augmented.
This might be more plainly manifeft to the eye by the fixth FigNre;
but becaufe it would be fomwhat tedious, and the thing being obviou&
~
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enough .to. be imagin'd by any one that attctritively confiders it, I fhall ra•
ther omit It, and proceed to ihew, that the mafs of Air neer the furface of
theEanh,co~fifis,~r is made up,of parc<:ls, which do very much differ from
~ne another m pmnt of denfity. and ran~y; an~ confequently the Rays of
hght that pafs throu~h them will be vanoufly mfletl:ed,here one way,and
there another,acc~rdmg as th~y pafs_fo or_fo through thofe differing parts;
and tho[e parts bemg ~~ways m mottoJJ,either upwards or downwards,or
to the nght or left, or m fame way compounded of thete they do by tltis
their ~<:>tion inflect the Rays, now this way, and. prefently that way.
. Thts uregular,unegual and unconfi~nt mflecbon of the Rays of light~
Is the reafon why the limb of the Sun, Moon, Jupiter, Saturn, Mar.r, and
Jl'enus, appear to w~ve or da_nce; ~nd why. the body of theStarrs appear
to .tremulate or t~mkle,.th~I~ bodtes?by tl~IS means, being fometimes rna.;.
gmfy·d,and fomenmes dtmmt!hed; {omettmes elevated, otherwhiles de·
prefs'd; now thrown to the right hand, and then to the left.
And that there is fuch a property or unequal difiribution of parts, is
manifefi from the various degrees of heat and cold that are found in the
Air; from whence will follow a differing denfity and r~rity, both as to
quantity and refracrion; and likewife from the vapours that are interpas' d, ( which,by the way, I imagine,as to refraction or inflection, to do
the fame thing, as if they were rarify'd Air; and that thofe vapours that
afcend,are both lighter, and lefs denfe, then the ambient Air which boys
them up; and that thofe which defcend, are heavier and more denfe)
The firfi of thefe may be found true, if you take a good thick piece of
Gl~fs,and heating it pretty hot in the fire, lay it upon fuch another piece
of Glafs, or hang it in the open Air by a piece of Wire, then looking
upon fame far difiant ObjeCt (fuch as a Steeple or Tree) fo as the Rayll
from that Object pafs direcrly over the Glafs before they enter your eye,
you ihall find fuch a tremulation and wavering of the remote ObjeCl:, as
will very much offend your eye: The like tremulous motion you may
obferve to be caus'd by the afcending fieams of Water, an'd the like.
Now fi-om the firfi of thefe it ismanifefi, that from the rarifacrion of the
parts'of the Air,by heat, there is caus' d a differing refratl:ion,and from t~
afcenfion of the more rarify' d parts of the Air, which are thrufl: up by the
colder, and therefore more condens'd and heavie, is caus'd an undula•
tion or wavering of the Object; for I think, that there are very few
will grant, that Glafs, by as gentle a heat as may be endur'd by ones
hand, ihould fend forth any of its par~s in fieams or vapours, which does
not feem to be much wafted by that violent fire of the green Glafs-houfe;
but, if yet it be doubted, let Experiment be further made with that body that is account~d, by Chy~1fis and .others., the moit pondero~s an.c!
fix' d in thew.orld? for by he.atmg of a ptece of Gold, and proceedmg m
the fame manner, you may find the fame effects.
This trembling and ihaking oft'he !lays, is more fenfihly caus'd by an
actual flame, or quick fire, or any thmg. elfe hea~ed glowmg ho~ ; as by
a Candle live Coal red-hot Iron, or a pxece of Silver, and the like: the
fame alfo'.. ppears v~ry confficuous, if you look at an Objecr betwh!xht
.
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which and your eye, the rifing fmoak of fo111e Chimney is interpos'd ;
which brings into my mind what I had once the opportunity to obferve
which was, the Sun riling to my eye jufi over a Chimney that fent forth
a copious fieam of fmoak ; and taking a fhort Telefcope, which I had then
by me, I obferv'd the body of the Sun, though it was but jufi: peep d
above the Horizon, to have its underfide, not onely flatted, and prekd
inward, as it ufualJy is when neer the Earth; but to appear more protuberant downwards then if it had fuffered no refraction at all ; and
beftdes all this, the whole body of the Sun appear'd to tremble or dance,
and the edges or limb to be very ragged or indented, undulating or waving, much in tha manner of a flag in the Wind.
This I have likewife often obferv'd in a hot Sun!hiny Suri?mer's day,
that looking on an Object over a hot ftone,or dry hot earth, I have found
the Object to be undulated or fhaken, much after the fame manner. And
ifyou look upon any remote Object through a Telefcope (in a hot Summer's day efpecially) you fhall find it likewi.e to appear tremulous. And
further, if there chance .to blow any wind, or that the air between you
and the Object be in a motion or current, whereby the parts ofit, both
rarify' d and condens' d, are fiviftly rernov' d towards the right or left, if
then you obferve the Horizontal ridge of a Hill far difiant,through a very
good Telefcope, you fhall find it to wave much like the Sea, and thofe
waves will appear to pafs the fame way with the wind.
From which,and many other Experiments, 'tis cleer that the lower Region of the Air,efpecially that part of it which lieth neerefi to the Earth,
has, for the moll: part,its confiituent parcels variouiJy agitated, either by
he:tt or winds, by the firfi of which, fome of them are made more rare,
and fo fuffer a lefs refraction; others are interwoven, either with afcending or defcending vapours; the former of which being more light~ and
fo more rarify'd,have likewife a lefs refraCl:ion:, the latter being more heavie, and confequently more denfe,have a greater.
Now, becaufe that heat and cold are equally diffus' d every way; and
that the further it is fpread, the weaker it grows; hence it will follow,
that the mofr part of the under Region of the Air will be made up of feveral kinds of lentes, fome whereof will have the properties of Convex,
others of Concave glttjjes; whichJ that I may the more intelligibly make
out, we will fuppote in the eighth Fig11re of the 37· scheme, that A reprefents.an afcending vapour, which, by reafon of its being fomewhat
Heterogeneous to the ambient Air,is thereb-, thrufi: into a kind ofGlobular
form, not any where terminated, but gradually finifbed, that is, it is more
rariry'd in the middle about A, fomewhat. more condens'd about B B,
more then that about C C ; yet further~ about D D, almofi of the fame
denfity with the ambient Air ahomE E; and lafily, inclofed with the
more denfe Air F F, fo that from A, to F F, there is a continual increafe of denfity. The reafcm ot which will be manifefi, if we confider the
rihng vapour to be much warmer then the ambient heavie Air; for by
the coldnefs of the ambient Air_ the fhell E E will be more refrigerated
then D Djand that then C C, which will be yet more then B B~ and that
more
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more then A; fo that from F to A, there is a continual increafe ofheat
and confeque.nt]y o~ rarity_; from whence it will necdfarily follow, tha~
the Rays of hght wtll be mftecred or refraCted in it, in the fame manner. as they would be in a Concave-gltlfe; for the Rays GKT, G K I will
be mftech:? by G K H '· G K H? which will eafily follow from what I before exp]amed concermng the ~nftecrion of the Atmqffihere.
On the ot~er fide, a dc.f~tndm.g yapour,or any part of the air included
by an afccndmg vapour,wtll exh1b1t the fame eflecrs with a Convex lens·
for,if we fuppofe,in the former Figure,the quite contrary conftitution t~
that bft defcrib' d ; that is, the ambient Air F F being hotter then any
part of th:a m~ltter within any circle, therefore the coldc:.ft part mull:
neccilarily be AJ as being farthe.ft remov'd from the heat~ all the
intermediate fpaces will be gradually difcriminated by the continuall
mixture of heat and cold, fo that it will be hotter at E E, then D D, in
D D then C C) in C C then B B, and in B B then A. From which, a like
refraCtion and condcnfation will follow ; and confequemly a le.Oer or
greater rcfracrion, that every included part will refract more then the
induding, by which means the Rays, G K I, G K I, coming from a Starr,
or fame remote Object, arc fo intietl:ed, that they will again concurr and
meet, in the point M. By the imerpofition therefore of this defcending
vapour the vifible bcdy of the Star, or other ObjeCt, is very much :\Ugmented, as by the form r it was diminHbed.
From the quick confecutions of thefe two, one after another, between
the ObjeCt and your eye,cauftd by their motion upwards or downwards,
proceeding fi·om their levity or gravity; or to the right or left, proceeding from the wind, a Starr may appear, now bigger, now lefs, then really
it would otherwife without them; and this is that property of a Starr,
which is commonly call'd twinkling, or fcintillation.
The reafon why a Star will now appear of one colour,now ofanother,
which for the mo!l: part happens when 'tis neer the Horizon, may very
eafily be deduc'd from its appearing now in the middle of the vapour,
other whiles neer the edge; fur if you look again!l: the body_ of a Sta.rr
with a Telc(cope that has a pretty deep Convex Eye-glafs, and fo order It,
that theSt~r may appear fometimes in one p1ace,and fometimes in an<?ther
of it;you may perceive this or thlt particu!ar co~o~r to be predommant
in the apparent Figure of the Star~, accordmg as It Is more ~r }efs remote
from the middle of the Lens. This I had here further explam d) but that
it does more properly btlong to another place.
I fhall therefore onely add fome few Q!,l~ries, which the confideration
of thefe particulars hinted, and fo finitb this SeCtion.
And the firfr I fball propound is, Whether there may not be made an
artificial tranfparent body of an exa~ Globular Ftgure that fball fo
infleCt or refract all the Rays, that,commg from one pomtJ fall upon any
Hcmi.fPhere of it; that every one of them may meet on the oppo~te fide,
and crofs one another ex:.1frly in a point; and th~t it may do the hke alfo
with all the Rays that, coming from a lateral pomt, fal~ upon a~y o~her
Helltijphere; for if fo, there were to be hoped ~ perfethon of Dtopl~zcf«;
I 1
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and a tranfmigration into heaven, even whil'ft we rern3in here upon earth
in the fleili, and a defcending or penetrating into the center and innermoil recefies of the earth, and all earthly bodies; nay, it would open not
on ely a cranney, but a large window (as I may fo fpeak) into the Shop of
Nature, whereby we might oe enabled to fee both the tools and operators, and the very manner of the operation it felf of Nature; thi£, could
it be effeCted, would as farr furpafs all other kind of perfpettives as the
vafi: extent of Heaven does the imalJ point of the Earth, which dill:ance
it would immediately remove, and unite them, as 'twere)nto one,at leafr,
that there !bould appear no more dill:ance between them then the length
of the Tube, into ~he ends of which thefe Gla£fes ibonld be n ferted :
Now, whether this may not be effeCted with parcels of Glafs offeveral
denfities, I have fometimes proceeded fo farr as to doubt (though in
truth, as to the general, 1 have wholly defpair'd of it) for I have often
obferv'd in Optical Gla£fes a very great variety of the parts, which are
commonly called Veins; nay, fome of them round enough (for they are
for the mofi part, drawn out into firings) to conHitute a kind of len.r.
This I fhould further proceed to ope , had any one been fo inguilitive as to have found out the way of making any tranfparent body,
either more denfe or more rare; for then it might be poffible to compofe
a Globule that ibould be more denfe in the middle of it, then in any ·
other part, and to compofe the whole bulk, fo as that there iliould be a
continual gradual tranfition from one degree of denfity to another; fuch
as ihould be found requifite for the defired inflection of the tranfoJigra..
ting Rays; but of this enough at prefent, becaufe I may fay more of it
when I fet down my own Trials concerning the melioration of Dioptrick..f,
where I iball enumerate with how many feveral fubll:ances I have made
both Microfcopes, and Telefccpes, and by what and how many, ways: Let
fuch as have Ieiiure and opportunity farther confider it.
The next (bl<ery fhall be, whether by the fame colleCtion of a more
denfc body then the other, or at leafi, of the denfer part of the other,
there might not be imagin'd a reafon of the apparition of fome new fix•d
Stars, as thofe in the Swan, Caj]iope's charr, Serpentarim, Pifci.r, Cetm, &c.
Thirdly, Whetherit be poffible to define the height of the AtlmJjphere
from this inflefcion of the Rays, or from the Qyickfilver Experiment of
the rarifacrion or extention of the Air.
Fourthly, Whether the difparity between the upper and under Air be
not fometimes fo great, as to make a refleCting fuperficies; I have had feveral Obfervations which feem to have proceeded from forne fi1ch caufe,
but it would be too long to relate and examine them. An Experiment,
alfo fomewhat analogous to this, I have made with Salt-water and Frefhj
which two liquors,in mofr PoGtions,feem'd the fame, and not to be [eparated by any determinate fuperficies, which feparating furface yet in [orne
other Pofitions did plainly appear.
And if fo, Whether the re~fon of the equal bounding or terntinm of
the under parts of the clouds may not proceed from this caufe ; whether,
fecondly,
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fecondly, the Reafon of the apparition of many Suns may not be found
out, ~y confidering how the Rays of the Sun may fo be reflecrc-d, as to
defcribe a pretty tme Image of the body,as we find them from any regu·
larSuperficies. Whether alfo this may not be found to caufe the appa·
rition of fome.of thofe r arelii, or counterfeit Suns, which appear colou·
red,by refrachng the Rays fo, as to make the body of the Sun appear in
quite another place then really it is. But of this more elfewhere•
.5· ~hether the Phteno~tena of the Clouds may not be~ made out by
this diVerfity of denfity 111 the upper and under parts ot the Air by
fuppofing the Air above them to be much lighter then they themf:lves
are, and they themfelves to be yet lighter then that which is fubjacent
to them, many of them feeming to be the fame ft1bftance with the Cobwebs that fly in the Air after a Fog.
Now th~t _fuch a confl:itution .of the Air and Clouds, if fuch there be,
ll!ay be fufficient to perform this effect, may be confirm'd by this txpe·
nment.
Make ::~s !hong a Solution of Salt as you are able, then filling a Glafs
of fome depth half full with it, fill the other half with frdh Water, and
poyfe a little Glafs-bubble, fo as that it may fink pretty quick in frefb
\Vater, which take and put into the aforefaid Glafs, and you fball find
it to fink till it comes towards the middle, where it will remain fixt,
without moving either upwards or downwards. And by a fecond Ex·
periment, of poifing fuch a bubble in water, whofe upper part is warmer,
and confcqucntly lighter, then the under, which is colder and heavier;
tl1e mannerofwhich fOllows in this next Ql<£ry, which is,
6. Whether the rarifaction and condenfation of Water be not made
after the fame manner, as thofe effeCts are produc'd in the Air by heat;
for I once pois'd a feal'd up Glafs-bubble fo exatl:ly, that never fo finall
an addition would make it fink, and as fmall a detratl:ion make it fwim;
which fuffc:ring to refi: in that VeO.d of Water for fome time, I alwayes
found it about noon to be at the bottom of the Water} and at night, and
in the morning, at the top: Imagining this to proceed from the Rari·
fafrion of the Water, caus'd by the heat, I made tryal, and found moft:
true; for I was able at any time, either to deprefs, or raife it, by he<lt
and cold ; for if I let the Pipe fiand for fome time in cold water, I
could eafily raife the :Hubble from the bottom, whither I had a little a·
fore detruded it, by putting the fame Pipe into warm Water. And this
way I have been able, for a very confiderable time, to keep a Bub~le fo
poys•d in the Water, a5 that it ihould remain in the rtJ.iddle, a?d ne~ther
fink, nor fwim : For gently heating t~e upper part of th~ Ptpe With a
Candle Coal or hot Iron till I perceived the Bubble begm to deiCend,
then fo;beari~g, I haye ohferved it to defcend to. fuch or fuch a fiation,
and thtre to remain fufpended for fome hours, ttll the heat by degrees
were quite vanifhed , when it would again afcend to its f<n·mer place.
This I have alfo often obferved naturally performed by the heat of the
Air, which being able to ra~ifi~ the u.pper parts of the Water foone.r
then the lower by reafun of tts tmmedtate contact, the heat of the Air
'
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has fometimesfo fiowly increafed, that I have obferved the Bubble to be
fome hours in palling between the top and bottom.
7. Whether the appearance of the Pi/ze of Teneri[, and feveral other
high Moun;~ ins, a.t fo much greater a di~ance then feems to agree with
their refpec.hve heights, be not to be attnbuted to the C11rvature of the
viiual Ray, that is made by its palling obliquely through fo differingly
Denje a Medium from the top to the eye very far difi:ant in the Horizon : For fince we have already, I hope, made it very probable, that
there is fuch an injle{/ion of the Rays by the differing denfity of the
parts of the Air; and fince I have found, by feveral Experiments made
on places comparatively not very high, and have yet found the preffure
fufi:ain' d by thofe parts of the Air at the top and bottom, and alfo their
differing Expanfions very co?fiderable: Infomuch that ~have fou_nd the
preflure of the AtmoJPhere hghter at the top of St. Ptatl s Steeple 10 Lolldon (which is about two hundred foot high ) then at the bottom by a
fixtieth or fiftieth part, and the expanfion at the top greater then that at
the bottom by neer about fo much alfo; for the Merturial Cylinder at the
bottom was about 39· inches, and at the top half an inch lower; the Air
alfo included in the Weather-glafs>that at the bottom fill d only 1 55· fpaces, at the top fill'd 158. though the heat at the top and bottom was
found exactIy the (arne with a fcal' d Thermometer: I think it very rational
to fuppofe , that the greatefi: Curvature of the Rays is made nearefr the
Earth,and that the intidtion of the Rays, above 3· or 4· miles upwards, is
verr inconfiderable) and therefore that by this means fuch calcul:ationsof
the height of l\t10untains, as are made from the difi:ance they are vilible in
the Horizon,frorn the fuppoful that that Ray is a fi:raight Line (that from
the top of the Mountain is, as'twere, a Tangent to the Horizon whence it
is feen) which really is a CHrve, is very erroneous. Whence, I fuppofe,proceeds the reafon of the exceedingly differing Opinions and Afiertions of
feveral Authors) about the height of feveral very high Hills.
8. Whether this Inflection of the Air will not very much alter the fuppofed difi:ances of the Planets, which feem to have a very great .depen. de nee upon theRypothetical refraction orinfleCl:ion of the Air, and that
refraction upon the hypothetical height and denfity of the Air: For
fince ( as I hope) I have here fhewn the Air to be guite otherwife then
has been hitherto fuppos'd, by manifefting it to be, both of a vafi:, at
leaH an uncerta~n, height, and ~f .an un.confi:ant and ir_regular d~nfity;
It mufi: neceffanly follow, that Its mflechon mufi: be vaned accordmgly:
And therefore we may hence learn, upon what fure grounds all the AfironoJ11ers hitherto have built, who have calculated the difi:ance of the
Planets from their Horizontal Parallax; for fince the Refraction and Parallax are fo nearly ally'd, that the one cannot be kr.own without the
Qther, efpecially by anywayesthat have been yet attempted, how.uncertain mufi: the Paral/ax be,when the Refracrion is unknown? And how eafie
is it for Afi:ronomers to allign what difi:ance they pleafe to the Planets,and
defend them, when they have fuch a curious fobterfitge as that of RefraCtion, wherein a very little variation will allow them liberty enough to place
the Celeftial Bodies at what diftance they pleafe.
If
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If th~refore we would come to any certainty in this poi~t, we mull: go
other wayes to work; and as I have here cxammed the hetght and refi·aliive property of the Air by other wayes then are ufual fo mull we
find the Paral!ax of the Planets by wayes not yet pratl:ifed ~ and to this
end~ I cannot Imagtne any better way, then the Qbferva tions of them by
two perfons at 'very far ?i~ant parts of the Earth,. that lye as neer as may
be un~er t~e fame Mendtan, or Degree of longitude , b.ut differing as
much m latitude, as there can be places com eniently found : Thefe twQ
perfons, at c.ertain appointed times, fhould (as near as tou\d be) both
at the fame t1me, obferve the way o~ the llloon, }lyfars, Pen11s) J11piter,
and .Sat1trn, among£1 the fixt Stars, wtth a good large Tcleflope, and making little Iconifrnes? or pictures, of the fmall fixed Stars, th~t appear to
each of them to lye In or near the way of the Center of the Planet and
the exafc meafure of the apparent Diameter ; from the compari~g of
fuch Obfervations together, we might certainly know the true dill:ance,
or Parallax, of the Planet. And having any one true Parallax of thefe
Planets, we might very eafily have the other by their apparent Diame•
tersJ· which theTeleftope likewife affords us very accurately. And thence
their motions might be much better known, and their Theories more exa~ly regulated. And for this purpofe I know not any one place more
ccnvenienr for fuch an Obferv;;:tion to be made in, then in the Ifland of
St. Helena, upon the Coa£1 of Africk._, which lyes about fix teen degrees
to the Southwards of the Line., and is very near, according to the Jatefr
Geographical Maps, in the fame Meridian with London; for though
they may not perhaps lye exaCtly in the fame> yet their Obfervations,
being ordered according to what I fhall anon fhew, it will not be difficult to find the true difrance of th~ Planet. But were they both under
the fame Meridian, it would be much better.
.
.
And becaufe Obfervations may be much eafier, and more accurately
made with good Telefcopes, then with any other Infirutnents, it will not,
I fuppofe, feern impertinent to explain a little what wayes I judge moll:
fit and convenient for that particular. Suc)1 ther~fore as ih<lll be the
Obfervators for this purpofe, fhould be furmfhe4 Wlth the beft 'fclefcope.r
that can be had, the longer the better and more exa~c will ~heu Obf~r
vations be, though they are fomewhat the m_qre qlft1cu t.ly ~~anag d.
Thefe fhould be fitted with a Rete, or divided Scale, plac' d at/~ch a, di·
fiance within the Eye-glafs,that t~ey may be dift~nctly feen,whifh iho\lld
he the meafures of minutes and iecqnds; by this lnfr.~;ument .each Obftrvator fhould, at certain prdixt times, obfervq the Mqon; 9r other
Planet, in~ or very nC3r, the Meridian; aodbeca~)t rna~ p~yery dlffi·
cult to find two convenient ftations that will happen to be J~ t¥1fler the
fame Meridian they iliall, each of them, obfe.rve tl\e way pf the. Planet,
both for an ho~r befOre, and an hour after, :it arrire -~~, ~~~Mer!4fan ;
and by a line, or firoke, amongfi: the.fmall fixed. St~t:s; tke.J.:. ,~H, ~pl~:ltQ
out the way that eaclt of them obferv'd the Cen~et of .tl}e, '~net! to bf1
mov'd in for tho~ two hours: Thele Obfc:ryau~N? ~.ash of th¢~)hal~
repeat for many dayes tog~;thero that both Jt ma .~ppe~1, t_4~; pothh qf
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them may fometimes make their' Obfervations together, and that from
divers Experiments we may be the better aifured of whnt certainty and
· exaCtnefs fuch kind of Obfervations are like to prove. And becaufe tna·
ny of the Stars which may happen to come within the compafs of filch
an Iconifm, or Map, may be fuch as are only vifible through a good Telefcope, whofe Pofitions perhaps have not been noted, nor their longitudes,
or latitudes, any where remarked; therefore each Obfervator fbould indeavour to infert fome fixt Star:lwhofe longitude, and latitude, is known;
or with his Telefcope he fball find the Pofition of fome notable telefcopical
Star, inferted in his Map, to fome known fixt Star, whofe place in the Zodiacft is well defin'd.
Having by this means found the true difiance of the Moon, and ha·
ving obferved well the apparent Diameter of it at that time with a good
Teleji:ope, it is ealie enough, by one fmg1e Obiervation of the apparent
Diameter of the Moon with a good GJafs, to determine her di!bnces
In any other part of her Orbit) or Dragon, and confequemly, fome fe\ov
Obfervations will tell us, whether fbe be mov'd in an EUip_(is, (which, by
the way, may alfo be found, even now, though I think we are yet igno·
rant of her true difiance) and next (which without fuch Obfervations, I think, we fball not be fure of) we may know exaCtly the bignefs of
that tillipjs, or Circle, and her true velocity in each part;) and thereby be
much the better ina bled to find out the true caufe of all her Motions.
And though, even now alfo, we may, by fuch Obfervations in one fiati•
on, as here at London, obferve the appa1·ent Diameter and motion ·of the
Moon in her Dragon, and confequt:ntly be inabled to make a better
ghefs at the specie1 or kind of Curve, in which fbe is mov' d, that is,
whether it be fph~rical, or elliptical, or neither, and with what proportional velocities fbe is carried in that Curve; yet till her true ParttUax
be known, we cahnct determine either.
Next, fbr the true difiance of the Sun, the belt way will be, by accu·
rate Obfervations, made in both thefe forementioned fiations, of fome
convenient Eclipfe of the Sun, many of which may fo happen, as to be
fuen by both; for the Penumbra of the Moon may, if fhe be lixty Semidiameters dill:ant frotn the Earth, and the Sun above feven thoufand, ex..
tend to about feventy degrees on the Earth ' and conrequeAtly.be feen
by Obfervatots as far diltant as London, and St. Helena, which -are not
full fixty "'hine degrees diftant. And this would much more accurately,
then any way that b-as been yet ufed, determine the Parallax, 'and di·
Rance, of the Sun; for as for the Horizontal Parallax I have already
fhewn it fuffidendy uncerti-in ; nor is the way of finding itby the Eclipfe
of the Moorranyother then hypothetical; and that byth'e difference ol
the tnre and app~rent quadrature of the Moon is Ids not uncertain, witRefs their i:)fcfuetionsftom it,who have made uie ofit; fat V-etulel'im puts
tbat diffem'Jce to be but ~.'. 30". whence he ded uee~ :t vafi diRance of
the Sun, as lha\re before fhewn. Ricciolomakes it full10'· oo. but Keinoldw;.and lKiYcltet,noieis then three degrees. · And-no w•o nder, for if
we examine' the fjrar;, We fua11 fi~d itfacompli~llt~d with um:ertain
~
fu~
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Firfr, From the irregular furface of the Moon; and from feverai Parail~xes, that nnle~ the Dich~t~mp happen in th~ NonagifimtH of the Ecljptrc/z,. a~d that m. the Mendtan, &c. all whtch happen fo very feldom,
that It IS a·Imofi Impofiible t? make them othetwife then uncertainly.
Befides, we are not yet certam, but that there may be fomewhat abo\lt
th.e Moon ana!ogtH to the Air about the Earth, which may caufe a refracbon of the light of the Sun, and confequent!y make a great difference
in ~he appar~nt di_chotomy of the M?on. 1 heir way indeed is very
ratiOnal and mgemous ; and fuch as Is much tb be preferr'd before the
way by the Horizontal Parallax, could all the uncertainties be remov'd,
and were the true difl:ance of the Moon known.
But becaufe we find by the Experiments of Vendi line, ReintJ!dm, &c.
that Obfervations of this kind are very uncertain alfo: It were to be
wifht, that fuch kind of Obfervations, made at two vety difl:ant fl:ations, were promoted. And it is fo much the more defirable, becaufe, fron;1
what I have now ibewn of the nature of the Air, it is evident, that the
refracrion may be very much greater then all the Afl:ronomers hitherto
have imagined it: And confequently, that the difl:ance of the Moon, and
other Planets , may be much le1fe then what they have hitherto made
it.
For firfr, this Inflection, I have here propounded, will allow the fha.:.
dow of the Earth to be much iborter then it can be made by the other
Hypothejs of refraction, and confequently, the Moon will not fuffer an
Eclipfe, unlefs it comes very much nearerthe Earth then the Afl:ronomers
hitherto have fuppofed it.
Secondly, There will not in .this Hypothejs be any other ilia dow of the
Earth, fi1ch as Kepler fuppofes, and calls the Pemtmbra, which is the fha•
dow of the refracting AtmoJPhere; for the bending of the Rays being altogether caus'd by InjleClion, as I have already ibewn, all that part
which is afcribed by Kepler, and others after him, to the Penumbra, or
dark part, which is without the umbra terrtE, does clear vanifh; for in
this Hypothifi.r there is no refrafring furface of the Air, and confequently
there can be no fhadows, fuch as appear in the ninth Figure of the 37·
scheme, where let ABC D reprefent the Earth, and E F G H the A.tmDjjhere,which according to Kepler s fuppofition,is like a Sph~re of Water
terminated with an exact furface E F G H, let the lines M F, L B, I D,
K 'H, reprefent the Rays of the Sun; 'tis manifefr, that all the Rayes between L B, and I D, will be refleCted by the · furfaee of the Earth
BAD, and confequently, the conical fpace B 0 D would be dark and .
obfcure; but, iay the followers of Kepler, the Rays between M F, and
L B, and between I D, and K H, falling on the Atmofphere , are refracted, both at their ingre~ and egrefs out of the Atmo.JPhere, n~a~er to"
wards the Axis of the fpxrtcal fhadow CO, and confequently, tnhghten
a great part of that former dark Co.ne, and iborten, and contract, its top
toN. And becaufe of this ReflectiOn of thefe Rays, fay they, there IS
fuperinduc·d another fhell of a dark Cone F P H, whofe Apex P is yet
further difrant from the Earth.: By this Penumbra, fay they, the Moo?
IS
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is Eclipfed , for it alwayes paffes between the lines 1 2, and
3
to which I fay, That if the. Air be fuch, as I have newly fhewn it to
be, and confequently caufe fi.1ch an infle[tion of the Rays that f;:tll into
it, thofe dark Penumbra's F Y Z Q H X VT, and 0 R P S; will all vanifb. For if we fuppofe the Air indefinitely extended, and to be no
where bounded with a determinate refraCl'ing furf.1ce, ~s I have fhewn
it uncapable of having, from the nature of it; it will follow, that the
Moon will no where be tot.11ly obfcured, but when it is below the Apex
N, of the dark blunt Cone of the Earth's fhadow:Now,from the fuppolition, that the Sun is difiant about feven thoufand Diameters, the point
N, according to calculation, being not above twenty five terrefirial Semidiameters from the Center of the Earth: It follows, that whenfoever·
the Moon eclipfed is totally darkned, without affording any kind of
light, it mufi: be within twenty five Sernidiameters of the Earth, and confequently much lower then any Afironomers have hithert? put it.
This will feem much more confonant to the refi of the iccundary Planets; for the highefi: of Jttpiter's Moons is between twenty and thirty
J()vial Semidiameters difiant from the Center of J11piter; and the Moons
of Saturn much about the fame number of Saturnial Semidiametets from
the Center of that Planet.
But thefe are but conjectures alfo,and mufr be determin' d by fuch kind
of Obfervations as I have newly mention'd.
_
Nor will it be difficult, by this Hypothejs, to falve all the appearances
of Eclipfes of the Moon, for in this Hypo thefts alfo, there will be ,on each
fide of the fhadow of the Earth, a Penu111bra, not caus'd by the Refraction of the Air, as in the Hypothifis of Kepler; but by the faint inlightning of it by the Sun : For if, in the fixth Figure,we fuppofe E S ~ and
G S R :-t<> be the Rays that terminate the fh:tdow from either fide of the
Earth ; E S Q coming from the upper limb of the Sun, and a·S R from
the under; it will follow, that the fbadow of the Earth, within thofe
Rays, that is, the Cone G S E, will be totally dark. But the Sun being
not a point,. but a large t~Jrea of light, there will be a fecondary dark
Cone of fbadow E P G, which will be caus'd by the earth's hindring
part of the Rays of the Sun from falling on the parts G P R, and E P ~
of which halved lbadow, or Pen11mbra, that part will appear brightefi:
which lyes hearefi the terminating Rayes G P ~ and E P, and thofe darker that lye nearefi to G S, and E S : when therefore the Moon appears quite dark in the middle of the Eclipfe,fhe mufi be below S,that is,
between S and F; when fhe appears lighter near the middle of the
Eclipfe) fhe mufi: palS fome where between R Q and S; and when fhe
is alike light through the whole Eclypfe, ilie mufi: pafs between R Q,

and P.
Obfer~.

M Ic R 0

G RAp H

I

A.

Obferv. L I X. Of multitudes. of [mall Stars difcoverable by the
Telefcope.

H

A.ving, in th_e lafr Obiervati?'n, premis' d fome particulars obfervable
m the medmm,through whtch we mnit look upon CO?leflialObjetl:s
I ihall here add one Obfervation of the Bodies themfelves ; and for -~
JPeriPte1t I have made choice of the Pleiades, or feven Stars~ commonly fo
called ( though in our time and Climate there appear no more the~ fix
to the nak_ed eye ). and thi~ I did t~e rather, ~ecaufe the clefervedly fa·
mous Gai_'lleo,. havmg pu~hfht a Ptlture _of thts .Aflerifote, was able, it
feems, wnh his Glafs to dtfcover no more then thmy fix, whereas with a
pretty good twelve foot Teleflope,by which I drew this 38 lconifm, I could
yrry plai.nly difcover feventy eigh~, pl~ced in the. order they are ranged
In the Figure, and of as many diirermg Magmtudes as the Aflerisf<.!,
wherewith they are Marked, do fpecifie; there being no lefs then four·
teen ieveral Magnitudes of thofe Stars, which are compris' d within the
draught, the biggefr whereof is not accounted greater then one of the
third Magnitude; and indeed that account is mttch _too big,if it be corn·
pared with other Stars of the third Magnitude, efpecially by the help of
a Teleftope; for then by it may be perceiv'd , that itsfplendor, to the naked eye, may be fomewhat augmented by the three Httle Str.rs immedL
ately above it, which are near adjoyning to it. The Tclefcope alfo difco ..
versa great variety, eveh in the bignefs of thofe, commonly reckon'd, of
the firfi, fecond, third, fourth, fifth, and fixth Magnitude ; .fo that fhould
they be difringuifh'd thereby, thofefix Magnitudes would, at leafi, afford no Ids then thrice that number of Magnitudes, plainly enough di·
fiinguifbable by their Magnitude, and brightnefs; fa that a good twelve
foot Glafs would afford us no lefs then twenty five feveral Magnitudes.
Nor are thefe all, but a longer Glafs does yet further, both more nicely
difiinguifh the Magnitudes of thofe already noted, and alfo di!covcr feveral other of fmailer Magnitudes, not difcernable by the twelve foot
Glafs: Thus have I been able, with a good thirty fix foot G lafs, to difco~
ver many more Stars in the Pleiades then are here delineated, and thofe
of three or four difiinet Magnitudes lefs then any of thofe fpots of the
fourteenth Magnitude. .And by the twinkling of divers ~ther places. of
this Afterifme, when the Sky was very clea~, I am apt to thmk, th~t wtth
longer Glafies, ?r fuch as wonld bear a btgger aperture,. there mtght .be
difcovered multitudes of other fmall Stars, yet mcol:1fptcuons. And mdeed, for the difcovery of fmall Stars, the big~er the aperture be, the
better adapted is the Glafs; f?rthough perhaps It does Il_l~ke the feveral
fpecks more radiant, and glanng, yet by that means, ~nmng ~ore Ra~s
\'ery near to one point, it does make many of thofe rad1ant pomts confpt-
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c\lous, which, by putting on a Ids .tperttwe, may be found to vanilb ;.
and therefore, both for the difcovery of the fixt Star, and for finding the
8ateUite.r of 11tpiter, before it be our of th day, or twilight, I alwayes
lfave rhe Objefr-glafs as clear without any aperture as I can , aqd have
thereby been able to difcover the SatcUite.r a long whiJ,e before; I was _
able to difcern them, when the fmaller apertures were pm on ; and at other times, to fee multitudes of other fmaller Star~ which a fmaller aperture makes to difappear.
In that notable .Aflerifm alfo of the Sword of Orion, where the ingenious Monfieur Hug ens van Zulichem has difcovered only three little Stars
in a clufier, I have with a thirty fix foot &lafs,without any aperture (the
breadth of the Glafs being abou fome three inches and a half )difcover'd
five, and the twinkling: of divers others up and down in divers parts of
that fmall milky Cloud.
So that 'tis not unlikely, but that the meliorating of Telefcopes will afford as great a variety of new Difcoveries in the H~avens, as better JJ.Iicrofcope.r would among fmall terrefirial Bodies, and both would give us
infinite caufe, more and more to admire the omnipotence of the Creator.

Obferv. LX.

H

Of the Moon.

Aving a pretty large corner of the Plate for the feven Starrs, void,
for the filling it up, I have added one fmall specimen of the appearance of the part~ of the Moon, by defcribing a fmall fpot of it,which,
though taken notice of, both by the Excellent Heveliut, and called Mens
Olpnpu.r (though I thinkfomewhat improperly, being rather a vale) and
reprefented by the Figure X, of the 38. scheme, and alfo by the Learn'd
Ricciolm, who calls it Hipparchtn, and defcribes it by the Figure Y, yet
how far fhort both of them come uf the truth, may be fomewhat perceiv'd by the draught, which I have here added of it, in the Figure Z,
(which I drew by a thirty foot Glafs, in olloher 1664. jufi before the
Moon was half inlightned) but much better by the Readees diligently
obferving it himfelf, at a convenient time, with a Glafs uf that length,
and much better yet with one of tlireefcore foot long ; for through thefo
it appears a very fpacious Vale, incornpaffed with a ridge of HHls, not
very high in comparifon of many other in the Moon, nor yet very fieep.
The Vale it felf A BCD, is much of the figure of a Pear, and from feveral appearances of it, feerns to be [orne very fruitful pla~Ze, that is, to
have its furface all covered over with fome kinds of vegetable fubftances; for in all pofitions of the light on it, it feems to give a much fainter
refleCtion then the more barren tops of the incornpaffing Hills, and thofe
a much f.tinter then divers other cragged, chalky, or rocky Mountains
of the MooD. So that I am not unapt to think, that the Vale may have
Vegetables
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Vegetables analogm to our Grafs, Shrubs, and Trees ; and rnofi of thefe
incompaffing Hills may be covered with fo thin a vegetable Coat as we
may obferve the Hills with us to be, fuch as the lhort Sheep pafiur~ which
covers the Hills of sa/isbury Plains.
Up and down in feveral parts of this place here defcrib'd ( as there
are rnul~itudes in othe.r places a!l ove~ the furface of the Moon) may
be per~etved feveral kmds of ptts, whtch are ihap'd almofi like a dilb,
forne btgger, fome l~fs, fom.e iballower, fof!le deeper, t~atis, they C:em
to be a hollo~ Hemijjh~re, mcompaffed .with a round rtfing bank, as if
the fubfiance m the mtdd)e.had been dtgg'd up, and thrown on either
fide. Thefe feem to me to have been the effects of fome motions within
the body of the Moon, analogus to our Earthquakes, by the eruption
of whic~, as it has thrown up a brim,or~idge~round about,higherthen
the Ambtent furface of the Moon, fo has tt left a hole, or depreffion, in
the middle, proportionably lower; divers placei refembling fome of
thefe, I have obierv' d here in England, on the tops of fome Hills, which
might have been caus'd by fome Earthquake in the younger dayes of the
world. But that which does mofi incline me to this belief, is, firfi, the
generality and diverlity of the Magnitude of thefe pits all over the bo·
dy of the Moon. Next, the two experimental wayes, by which I have
.
made a reprefentation of them.
The firfiwas with avery foft and well temper'dmixture of Tobacco·
pipe clay and Water, into which, if I letfallany heavy body, asaBul.:.
let, it would throw up the mixture round the place, which for a while
would make a reprcfentation, not unlike thefe of the Moon; but con·
fidering the fl:ate and condition of the Moon, there feems not any probability to imagine, that it ihould proceed from any caufe ana/Qgus to this ;
for it would be difficult to imagine whence thofe bodies lhould come j
and next, how the fubfiance of the Moon ibould be fo foft ; but if a
Bubble be blown under the fur face of it, and fuffer' d to rife, and break;
gr if a Bullet, or other body, funk in it, be pull'd out from it, thefe de..:
parting bodies leave an imprefiion on the furfac~ of the mixture, exa~dy
like thefe of the Moon, fave that thefe alfo qmckly fubfide and vamib.
But the fecond, and mofi notable, reprefentation was, what I obferv' d
in a pot of boy ling ~labafie~, for ther~ that powder ?eing. ~y ~he erupt!on of vapours reduc d to a kmd of flmd confifience, tf,whtl il: It boyls, It
be gently remov'd befides the fire, the Alabafier prefently ceafmg to
boyl, the whole furface, efpecially that wh.ere fome ~£ the lafi Bubbles '
have rifen, will appear all ever cove!ed ~1th fmall pus, .exactly ibap•d
like thefe of the Moon, and by holdmg a hghted Candle m a large dark
Room, in divers rofitions to this (urface, you may exactly reprefent all
the rh£nomena of thefe pits in the Moon, according as they are more or
lefs inlightned by the Sun.
And that there may have been in the Moon Come fuch motion as
this, which m<ty have made thefe pits, will feem the more .probable,
if we fuppofe it like rour Earth, for the Earthquakes here With us feem
to proceed from fome fuch caufe, as the boy ling of the pot of Ala·
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bafter , there feeming to be generated in the Enrth frorA (orne fubterraneous fires, or heat, great quantities of vapours, that is, Gf expanded aerial fubfiances, which not prefently finding a pafiage through the
ambient parts of the Earth, do, as they are increafed by the fupplying
and generating principles, and thereby (having not fufficient room to
expand themfelves) extreamly condens'd, at laft overpower, with
their ela{fici{_ properties, the refifience of the incompaffing Earth, and
lifting it up, or cl~aving it, and fo ibattering of the parts of the Earth
above it, do at length, where they find the parts of the Earth above them
more locfe, make their way upwards, and carrying a great part of the
Earth before them, not only raife a fmall brim round about the pbce,out
of which they break , but for the mofr part confiderable high Hills and
Mountains, and when they break from under the Sea, divers times,
mountainous Wands; this feems confirm'd by the f.'ulcans in feveral
places of the Earth, the mouths of \Yhich, for the mufr rart, are incompailed with a Hill of a confiderable height, and the tops of thofe Hills,
or Mountains, are ufually ibap'd very much like thefe pits, or difhes) of
the Moon : Inftances of this we have in the defcriptions of .£.tntt in Sicily, of Hula in Iceland, of Temrif in the Canaries, of the feveral TJt!cans in New-spain) defcrib' d by G.tge, and more efpecially in the eruption of late years in one of theCa nary Iflands. In all of which there is not
oniy a confiderable high Hill r<lifed about the mouth of the f/ulc<t.n, but,
like the fpots of the Moon, the top of thofe Hills are like a difh, or bafon. And indeed, if one attentively confider the n:~ture of the thing,
one may fit~d fuffici, m reafon to judge, that it cannot be otherwife ; for
thefe eruptions, whether of fire, or frnoak~ alwayes rayfing great quantities of Earth before them, mufi necefi~nily, by the fall of thofe parts
on either ft.de, raife very confiderable heaps.
Now, both fi·om the figures of them, and from feveral other circum!tances; thefe pits in the .Moon feem to have been generated
much after the fame manner that the holes inAlabafi:er, and the Yuf..
can.s of the Earth are made. For firfi, it is not improbable, but that
the fubfiance of the Moon rna y be very much like that of our Earth,
~hat is; may confifi of an earthy, (andy, or rocky fubfrance, in kveral of
Its fuperficial parts, which pans being agitated> undermin'd~ ot ;heav'd
up, by eruptions of vapours, may naturally be thrown into the fame
kind of figured holes, as the fmall-dufi, or powder of AlabaO:er. Next,
it is not improbable, but that there may be generated~ within the body
of the Mooo, divers fuch kind of internal fires and heats, as may pro- _
duce fucbExhalations; for fince we can plainly enoughditco-ver. with a
Teleftope, that there a~ multitudes of fuch kind of eruptions in the
body of the Sun it felf, which is accounted the mofr noble ./Etherial body, certainly we need not be much fcandaliz'd at fuch kind of alterationsj or corruptions, in the body of this lower and lefs confiderable
part of the univetfe, the Moon, which is only fecund.ary; or attendant,
on the bigger, and more confiderable body of the Earth. Thirdly, 'tis
not unlikely, but that fuppofing fttcl! a C<tndy or moul<lring fubfrance to
be
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be there found, and ft1ppofing alfo a poffibiiity of the generation of the
internal e/aflicaf body (Whether you Will Ca"lll tt air
vapours) 'tiS'
~ot unlikely3 I fay, but that there is in the ~oon a principle of gravitatiOn, fuch as m the Earth. And to make thts probable, I drink, we need
no better Argument, then the roundnefs, ot glchulat figme of the body of the Moon it felf, which we may perceive very plainly by the Telefcope, to be (bating the fmall inequality of the Hilis and Vales in it
which are all of them likewifdhap'd, or le'Vel!ed, as it were, to anfwe:
to the center of the Moons body) perfdrly of a Sp&Clrical fTgure, that
is, all the parts of it are fo rang'd (bating rhe comparitivel y fmall rnggednefs of the Hills and Dales) that the outmoft bonnds of them are
equally difrant from the Center of the Moon, and confequently, it is
exceedingly probable alfo, that they are equic:Hftarrt from the Center of
gravitation ; and indeed, the figure of the fuperficial parts of the Moon
a-re fo exacrly ihap'd, accmding as they fhorrld b~, fi1ppofing it had a
gtavit::rting principle as the Earth has, that even the figure of thofe
p.i.rts themfdves is of fufficient efficacy to make the gravitation, and the
other twa fuppofitions probable: fo that the other fi1ppofitions may be
rather prov'd by rhis confiderable Circumfi:ance; or Obfervation, then
rhis £1-rppos'd Explication can by them; for he that fhall attentively
obferve with arr <:};'cell ern Te!tfcope, how all the Circum frances~ notable in
the fhape of the fuperficiaJ parts, are, as it were, exactly ,adapted to
fuit with fuch a prindpJe,wTH,ifhe weU confiders the t1fual method ofNature in its other proceedings,find abnrrdant argument to believe it to have
really thete alfo (uch a principle; for I con1d never obferve,among all the
mountainous or prominent parts of the Moon ( whereof there is a huge
variety) that any one part of it was plac· d in fuch a manner ,that if there
fhould be a gravitating, or attracring principle in the ~od Y. of the Moon,
it would make that part to fall, or be mov d out of us vii1ble pofi:ure.
Next, the fhape and pofition of the parts is fuch, that they all feem put
into thofe very fhapes they are in by a gravitating power : For fir.fi:,there
are but very few clifts, or very fi:eep declivities in the afcent of thefe
Mountains; for befides thofe Mountains, which are by Hevelius call'd the
Apennine Mountains, and fome other, which feem to border on the Seas
of the Moon, and thofe only upon one fide, as is common alfo in thole
Hills that are here on the Earth; there are very few that feem to have
very Creep afcents, but, for the moll: part,. they are made very round,
and much refemble the make of the Hills and Mountains alfo of the
Earth ; this may be partly perceived by the Hills incompaffing this Vale,
which I have here defcrib'd ; and as on the Earth alfo. the middlemo£1:
of thefe Hills feems the highefr, fo is it obvious alfo, through a good Telefcope, in thofe ~f the Moon; the Vales ~lfo in many are much fhap 'd
like thofe of the Earth, and I am apt to thmk, that could we look upon
the Earth from the Moon, with a good Telefcope, we might eafily enough
.
.
perceive its furface to be very much like that of the Moon.
Now whereas in this fmall draught, (as there would be multitudes If
the whole Moon were drawn after this manner) there are feverallittle
'
Ebullitions,

or
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Ebullitions, or Dillies, even in the Vales themfelves,and in the incompaffing Hillsalfo; this will, from this fuppofition, (which I have, I think, upon very good reafon taken) be exceeding eafily explicable; for, as I
have feveral times alfo obferv' d, in the furface of Alabafrer fo ordered,
as I before defcrib,d, fo may the later eruptions of vapours be even in the
middle, or on the edges of the former ; and other fucceeding thefe alfo
in time may be in the middle or edges of thefe, &c. of which there are
Infrances enough in divers parts of the body of the Moon, and by a
boyling pot of Alabafrer will be fufficiently exemplifi'd.
To conclude therefore, it being very probable, that the Moon has a
princif>le of gravitation , it affords an excellent difringuifhing In france
in the fearch after the caufe of gravitation, or attratl:ion, to hint, that it
does not depend upon the diurnal or turbinated motion of the Earth, as
fome have fomewhat inconfiderately fi1ppofed and affirmed it to do; for
if the Moon has an attratl:ive principle, whereby it is not only iliap'd
round , but does firmly contain and hold all its parts united, though
many of them feem as loofe as the fand on the Earth, and that the Moon
is not mov·d about its Center; then certainly the turbination cannot be
the caufe of the attraction of the Earth ; and therefore fome other
principle mufi be thought of, that will agree with all the fecundary as
well as primary Planets. Bu~ this, I confefs, is but a probability, and
not a demonfiradon, which (from any Obfervation yet made) it feerns
hardly capable of, though how fuccefsful future indeavours (promoted
by thfi meliorating of Glaffes, and obferving particular circumfiances)
may be in this, or any other, kind, mufi be with patience expected.
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